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ABSTRACT
The a r y l s u l f a t a s e  a c t i v i t y  o f  C la r a s e  300 (a  com m ercial 
p r e p a r a t i o n  o f  A s p e r g i l l u s  o r y z a e ) was found t o  be due t o  th e  
p r e s e n c e  o f  one isozym e o f  a r y l s u l f a t a s e ,  a s  shown by c h ro m a to g ra p h ic  
s t u d i e s .
The mechanism  of th e  r e a c t i o n  o f  a r y l s u l f a t a s e  w i th  an 
added n u c l e o p h i l e  (hyd ro x y lam in e)  i s  p roposed  a s  f o l l o w s :
I n  the  a b s e n c e  o f  added n u c l e o p h i l e  th e  r e a c t i o n  o f  a r y l ­
s u l f a t a s e  w i th  p - n i t r o p h e n y l s u l f a t e  was found t o  o ccu r  b y .a  r a p id  
r e l e a s e  o f  p - n i t r o p h e n o l  fo l lo w ed  by  a s lo w er  r a t e  d e te r m in in g  s t e p  
w h ich  i s  assumed t o  be th e  r e l e a s e  o f  th e  s u l f a t e  from  an  enzyme 
s u l f a t e  complex ( F ) .
H ydroxylam ine seems to  r e a c t  w i t h  the  enzyme s u l f a t e  complex 
to  fo rm  h y d r o x y la m in e - N - s u l f o n a te .  T h is  s u p p o s i t i o n  i s  s u p p o r te d  
by th e  agreem ent be tw een  th e  e x p e r im e n ta l  v a r i a t i o n  o f  th e  h y d r o l y s i s  
r a t e  upon change i n  th e  com ponen ts ' (enzyme, s u b s t r a t e ,  o r  h y d ro x y l ­
am ine) c o n c e n t r a t i o n  and th e  v a r i a t i o n  c a l c u l a t e d  from th e  d e r iv e d  
k i n e t i c  e q u a t i o n s .  The p re s e n c e  o f  h y d ro x y la m in e -N -s u l fo n a te  a f t e r
H„0
viii
t h e  en zy m a tic  r e a c t i o n  has  p ro c e e d e d  i n  t h e  p r e s e n c e  o f  h y d ro x y lam in e  
i s  i n d i c a t e d  by th e  f o r m a t io n  o f  a  c o lo r e d  com plex i n  t h e  p r e s e n c e  
o f  f e r r i c  c h l o r i d e  w hich  i s  n o t  p r e s e n t  i n  a r e a c t i o n  m ix tu re  t h a t  
h a s  been  in c u b a te d  i n  th e  a b se n c e  o f  h y d ro x y la m in e .
INTRODUCTION AND REVIEW OF LITERATURE
An a r y l s u l f a t a s e  i s  a  w id e ly  d i s t r i b u t e d  ty p e  o f  enzyme w hich  
h y d r o ly z e s  th e  s u l f a t e  e s t e r s  o f  a r o m a t ic  compounds. In  a c c o rd a n c e  w ith  
th e  sy s tem  o f  n o m e n c la tu re  a d o p te d  by th e  I n t e r n a t i o n a l  Union o f  
B io c h e m is t ry  i n  1961 ( 1 ) ,  such an enzyme sh o u ld  now be  c a l l e d  a r y l -  
s u l p h a t e  s u l p h o h y d r o l a s e .
A r y l s u l f a t a s e s  i n  g e n e r a l  hav e  a  b ro a d  s p e c i f i c i t y ,  i_ . e . , t h e y  
h y d r o ly z e  m ost a r o m a t ic  s u l f a t e s  b u t  a t  d i f f e r e n t  r a t e s  ( 2 ) .  On th e  
b a s i s  o f  s u b s t r a t e  s p e c i f i c i t y  and i n h i b i t o r  e f f e c t s ,  a r y l s u l f a t a s e s  
have  been  c l a s s i f i e d  i n t o  two g r o u p s ,  Type I  and Type I I  ( 3 ) .  A Type I  
a r y l s u l f a t a s e  h a s  c o n s i d e r a b l e  a f f i n i t y  and a c t i v i t y  tow ards  s im p le  
a r y l s u l f a t e s  such a s  p o ta s s iu m  p - n i t r o p h e n y l s u l f a t e  and p o ta ss iu m  
a c e t y l p h e n y l s u l f a t e . T h is  ty p e  o f  a r y l s u l f a t a s e  i s  s t r o n g l y  i n h i b i t e d  
by  c y a n id e  and n o t  a p p r e c i a b l y  by  s u l f a t e  o r  p h o s p h a te  i o n s .  A 
Type I I  enzyme, ho w ev er ,  h a s  l i t t l e  a f f i n i t y  to w ard s  p o ta ss iu m  a c e t y l ­
p h e n y l s u l f a t e  and  p o ta s s iu m  p - n i t r o p h e n y l g u l f a t e  b u t  h a s  c o n s i d e r a b l e  
a f f i n i t y  to w ard s  p o ta s s iu m  n i t r o c a t e c h o l s u l f a t e . I t  i s  s t r o n g l y  
i n h i b i t e d  by  s u l f a t e  o r  p h o s p h a te  b u t  i s  u n a f f e c t e d  by c y a n id e .  These 
a r y l s u l f a t a s e s  may b e  c a l l e d  i s o z y m e s .^
^ M u l t ip le  form s o f  a s i n g l e  e n z y m a tic  a c t i v i t y  i s o l a t e d  from  
th e  same o rg a n  o r  d i f f e r e n t  o rg a n s  o f  t h e  same a n im a l  o r  from an 
a p p a r e n t l y  homogeneous s p e c i e s  o f  m ic ro o rg a n is m  a r e  c a l l e d  isozym es 
i n  t h i s  d i s s e r t a t i o n .  F o r  a  d i s c u s s i o n  o f  t h i s  n o m e n c la tu re  see  
r e f e r e n c e  ( 4 ) .
1
2
M u l t i p l i c i t y  o f  A r y l s u l f a t a s e s : - The a r y l s u l f a t a s e  o f  
A lc a l ig e n e s  m e ta l c a l l g e n e s  i s  a Type X a r y l s u l f a t a s e  ( 6 ) ,  bu t  th e  
l i v e r  a r y l s u l f a t a s e s  A and B a r e  Type I I  a r y l s u l f a t a s e s  ( 7 ) .  To 
o b t a i n  e v id e n c e  as t o  t h e  ty p e s  o f  a r y l s u l f a t a s e  found  i n  one s o u r c e ,  
Dodgson ej: al^. (8 )  a s s a y e d  th e  s o l u b l e  and i n s o l u b l e  f r a c t i o n s  o f  
a c e t o n e - d r i e d  powder o f  r a t  l i v e r  u s in g  t h r e e  d i f f e r e n t  s u b s t r a t e s :  
p o ta s s iu m  a c e t y l p h e n y l s u l f a t e ,  p o ta s s iu m  p - n i t r o p h e n y l s u l f a t e , and 
p o ta s s iu m  n i t r o c a t e c h o l s u l f a t e .  I t  was found  t h a t  t h e  a c t i v i t y  
o f  th e  s o l u b l e  and i n s o l u b l e  f r a c t i o n s  v a r i e d  w id e ly  w i t h  th e  s u b s t r a t e  
u se d .  Upon f r a c t i o n a t i o n  o f  a f r e s h  hom ogenate o f  r a t  l i v e r ,  i t  was 
found t h a t  w i th  a c e t y l p h e n y l s u l f a t e  as s u b s t r a t e  th e  g r e a t e s t  a c t i v i t y  
was i n  t h e  m icrosom al f r a c t i o n .  W ith  p o ta s s iu m  n i t r o c a t e c h o l s u l f a t e  
as  s u b s t r a t e ,  th e  m i to c h o n d r ia  c o n ta in e d  62% o f  th e  a c t i v i t y  and the  
m icrosom es o n ly  21,5%, s u g g e s t in g  t h a t  th e  v a r io u s  f r a c t i o n s  c o n ta in e d  
a t  l e a s t  two d i f f e r e n t  enzymes o r  two d i f f e r e n t  forms o f  th e  same 
enzyme h a v in g  d i f f e r e n t  s u b s t r a t e  s p e c i f i c i t i e s .  They a l s o  demon­
s t r a t e d  t h a t  th e  two a r y l s u l f a t a s e s  i n  t h e  s o l u b l e  f r a c t i o n  o f  r a t  
l i v e r  c o r re s p o n d e d  t o  t h e  a r y l s u l f a t a s e s  A and B o f  ox l i v e r  r e p o r t e d  
by Roy ( 9 ) .  The i n s o l u b l e  p o r t i o n  o f  th e  a c e t o n e - d r i e d  powder o f  r a t  
l i v e r  s t i l l  p o s s e s s e d  c o n s i d e r a b l e  a c t i v i t y  w h ich  c o u ld  n o t  be f u r t h e r  
s o l u b i l i z e d  by e x t r a c t i o n  w i th  w a t e r .  T h is  was shown by means o f  
s u b s t r a t e  s p e c i f i c i t y  t o  be a t h i r d  a r y l s u l f a t a s e  w h ich  was c a l l e d  
a r y l s u l f a t a s e  C ( 8 ) .  S u b s e q u e n t ly ,  Roy (1 0 )  co n f irm ed  th e  p r e s e n c e  
o f  a r y l s u l f a t a s e  C i n  ox l i v e r .  I t  has s i n c e  been  d e m o n s t r a te d  t h a t  
a l l  t h r e e  forms o f  a r y l s u l f a t a s e  a r e  p r e s e n t  i n  many an im a ls  (1 1 ,  12) 
and i n  man (1 3 ) .  A r y l s u l f a t a s e  C i s  a lm o s t  e x c l u s i v e l y  o f  m icrosom al
o r i g i n  ( 8 ,1 4 , 1 5 ,1 6 )  w h i le  a r y l s u l f a t a s e s  A and B a r e  p r e s e n t  i n  b o th  
t h e  m i to c h o n d r ia  and raicrosom es ( 1 6 ,1 4 ) .
V arious  fo rm s o f  a r y l s u l f a t a s e  d i f f e r  g r e a t l y  i n  pH optimum 
( 6 , 1 7 , 1 8 ) ,  a c r i t e r i o n  w hich  h a s  been  u s e d  f o r  d i f f e r e n t i a t i o n  be tw een  
a r y l s u l f a t a s e  fo rm s .  C h e r a y i l  (19) found  th r e e  forms o f  a r y l s u l f a t a s e  
i n  A s p e r g i l l u s  o r y z a e . He was a b le  t o  s e p a r a t e  t h e s e  t h r e e  form s 
and  to  show t h a t  t h e i r  r e l a t i v e  c o n c e n t r a t i o n s  w ere  a f u n c t i o n  o f  th e  
c o n d i t i o n s  o f  g ro w th  o f  th e  o rg an ism .
Because o f  t h e  p r e s e n c e  o f  enzyme forms h a v in g  d i s s i m i l a r  
c h a r a c t e r i s t i c s ,  i t  i s  n e c e s s a r y  to  e s t a b l i s h  as w e l l  as p o s s i b l e  
t h e  number o f  form s in v o lv e d  in  an enzyme p r e p a r a t i o n  b e fo re  a g r e a t  
d e a l  o f  r e l i a b i l i t y  can  be a s c r ib e d  to  t h e  d a t a .  To a cc o m p lish  t h i s  
end  th e  enzyme m ust be p u r i f i e d  to  some d e g re e .
P u r i f i c a t i o n : A c o n v e n ie n t  and w id e ly  used  s t a r t i n g  m a t e r i a l
f o r  th e  p u r i f i c a t i o n  o f  mammalian a r y l s u l f a t a s e s  i s  a c e t o n e - d r i e d  
pow der o f  th e  l i v e r  w hich may be s t o r e d  w i t h  l i t t l e  l o s s  o f  a c t i v i t y .  
S e v e r a l  i n v e s t i g a t o r s  ( 2 0 ,1 2 ,2 1 ,2 2 )  have  r e p o r t e d  a t te m p t s  to  
s e p a r a t e  and p u r i f y  th e  l i v e r  a r y l s u l f a t a s e s  by c o n v e n t io n a l  t e c h n iq u e s  
s u c h  as f r a c t i o n a t i o n  w i th  a c e to n e  o r  ammonium n i t r a t e ,  s e l e c t i v e  
a d s o r p t i o n  and e l u t i o n  from  g e l s ,  and zone  e l e c t r o p h o r e s i s ,  Roy (21) 
p u r i f i e d  a r y l s u l f a t a s e  A o f  ox l i v e r  n e a r l y  1 0 0 0 - fo ld  by such  m ethods. 
An a c e t o n e - d r i e d  powder of A. m e t a l c a l i g e n e s  has  a l s o  s e r v e d  as a s o u rc e  
o f  a r y l s u l f a t a s e .  U sing i t  as  a s t a r t i n g  m a t e r i a l ,  Dodgson (5 )  h as  
a c h ie v e d  a 3 0 0 - f o l d  p u r i f i c a t i o n  u s in g  c o n t in u o u s  f lo w  e l e c t r o p h o r e s i s .
Commercial enzyme s o u r c e s  such  as  T a k a d ia s t a s e  and M ylase-P  
h a v e  been u se d  as th e  s t a r t i n g  m a t e r i a l s  f o r  th e  p u r i f i c a t i o n  o f
f u n g a l  a r y l s u l f a t a s e .  The e a r l i e s t  p u r i f i c a t i o n  p ro c e d u re  u s e d  w i th  
T a k a d i a s t a s e  was to  a d s o r b  th e  enzyme on F u l l e r ' s  e a r t h .  T h is  was 
done i n  1925 (2 3 ) .  I n  1938 Tanaka (24 )  o b se rv e d  t h a t  th e  a r y l s u l f a t a s e  
o f  T a k a d ia s t a s e  was a b s o r b e d  by K a o l in  a t  pH 4 . 0  and e l u t e d  a t  pH 6 .8 .  
V a r io u s  o t h e r  i n v e s t i g a t o r s  have r e p o r t e d  a t t e m p t s  a t  p u r i f i c a t i o n  
o f  th e  enzyme u s in g  b a r iu m  a c e t a t e ,  e th a n o l  o r  ammonium s u l f a t e  f o r  
f r a c t i o n a t i o n  o f  th e  aq u eo u s  e x t r a c t s  o f  T a k a d ia s t a s e  o r  M y lase -P  ( 2 5 ,2 6 ) .  
D z ia l o s z y n s k i  (25^ o b s e r v e d  t h a t  a r y l s u l f a t a s e  was n o t  p r e c i p i t a t e d  
from  an aqueous s o l u t i o n  by  50% s a t u r a t e d  ammonium s u l f a t e .
' A p r o f i t a b l e  a t t e m p t  to  p u r i f y  th e  a r y l s u l f a t a s e  i n  M ylase-P  
(a  com m ercia l  p r e p a r a t i o n  o f  A. o r y z a e ) (27) in v o lv e d  r e p e a te d  
f r a c t i o n a t i o n  o f  th e  a q u eo u s  e x t r a c t  w i th  e t h a n o l ,  zone e l e c t r o p h o r e s i s  
on c e l l u l o s e ,  and t r e a t m e n t  w i th  an  aluminum h y d ro x id e  g e l .  T h is  
r e s u l t e d  i n  a 2 3 0 - fo ld  p u r i f i c a t i o n  on th e  b a s i s  o f  p r o t e i n  c o n t e n t  and 
a b o u t  1 9 0 0 - fo ld  p u r i f i c a t i o n  on t h e  b a s i s  o f  th e  a c t i v i t y  o f  t h e  
o r i g i n a l  M ylase-P .  The p u r i f i e d  sam p le  o f  th e  enzyme when s u b j e c t e d  to  
p a p e r  e l e c t r o p h o r e s i s  g a v e  t h r e e  p r o t e i n  p e a k s ;  two o f  th e s e  had  no 
a r y l s u l f a t a s e  a c t i v i t y .
S e p a r a t io n  o f  t h e  a r y l s u l f a t a s e  a c t i v i t y  o f  an a c e to n e  powder 
o f  A. o ry z a e  by column c h ro m a to g rap h y  u s in g  A m b e r l i t e  CG-50 as  t h e  
a b s o r b a n t  and a l i n e a r  sod ium  a c e t a t e  g r a d i e n t  a s  th e  s o lv e n t  gave 
t h r e e  iso zy m es ,  th e  c h a r a c t e r i s t i c s  o f  w hich w ere  d e te rm in e d  t o  some 
e x t e n t  (1 9 ) .  T h is  a u t h o r  a l s o  showed t h a t  th e  e x t e n t  o f  th e  p r e s e n c e  
o f  t h e s e  t h r e e  isozymes depended on th e  grow th  c o n d i t i o n s  o f  t h e  
A, o r y z a e .
Mechanism o f  A t t a c k : -  The s c i s s i o n  o f  th e  s u l f u r  l i n k  to
'r  I '■ ..............
o x y g e n u in s te a d  o f  th e  a r y l - o x y g e n  l i n k  may be diagrammed a s  fo l lo w s ;
-  0 - J -  SO„H r  —  OH +  HOSO,H
° 2 N ------  H - J -  OH O g N ^ V ^ '
T h is  i s  p r e d i c t e d  from  th e  o b s e r v a t i o n  o f  K oshland  and S t e i n  (28) 
t h a t  w here an  enzyme shows h ig h  s p e c i f i c i t y  f o r  group R o f  t h e  ROQ 
s u b s t r a t e  and low s p e c i f i c i t y  f o r  t h e  group Q, c le a v a g e  o f  t h e  R-0 
bond o c c u rs  i n  t h e  e n z y m a tic  r e a c t i o n .  S in ce  t h e r e  i s  an  a b s o lu t e
r e q u i r e m e n t  f o r  SO i t  may be c o n s id e r e d  a s  group R, w h ereas  s in c e
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th e  a ry l^ g ro u p -m a y  be changed by s u b s t i t u t i o n  on th e  r i n g  and s t i l l
m a in t a i n  a c t i v i t y ,  i t  may be  c o r r e l a t e d  w i th  th e  Q g ro u p .  By a p p l i c a t i o n
o f  K o sh la n d 1s o b s e r v a t i o n  one would e x p e c t  s c i s s i o n  on th e  SO, s id e
3
o f  th e  e s t e r  oxygen .
An e x p e r im e n ta l  a p p ro a c h  t o  th e  s tu d y  o f  th e  mechanism o f  th e
18
h y d r o l y s i s  o f  a n  e s t e r  l i n k a g e  u s in g  w a te r  l a b e l e d  w i th  0 and 
p - n i t r o p h e n y l s u l f a t e  a l s o  i n d i c a t e d  t h i s  p la c e  o f  s c i s s i o n  when th e  
h y d r o l y t i c  a g e n t  i s  an  a c i d ,  human l i v e r  a r y l s u l f a t a s e  A, r a t  l i v e r  
a r y l s u l f a t a s e  C o f  th e  a r y l s u l f a t a s e  o f  A. m e ta l c a l i g e n e s  ( 2 9 ) .
I n s i g h t  i n t o  th e  m echanism  o f  th e  a c t i o n  o f  th e  a r y l s u l f a t a s e  
o f  A. m e t a l c a l i g e n e s  was o b t a in e d  by Dodgson et _al. ( 5 ) who s t u d i e d  
th e  e f f e c t  o f  changes  i n  pH upon th e  M ic h a e l i s  c o n s t a n t  and th e  
e f f e c t  o f  s u b s t i t u t i o n  i n  t h e  a r o m a t i c  r i n g  o f  p h e n y lh y d ro g e n  s u l f a t e  
upon b o th  th e  M ic h a e l i s  c o n s t a n t  and  th e  maximum v e l o c i t y  o f  th e  
enzym e. They p ro p o s e d  a  d i s p la c e m e n t  r e a c t i o n  in  which th e  -SO^ on 
th e  enzyme was d i s p l a c e d  u n d e r  a t t a c k  by th e  e l e c t r o p h i l i c  hydroxonium  
io n .  The i n c r e a s e d  r a t e  o f  h y d r o l y s i s  o f  s u b s t r a t e  r e s u l t i n g  from
th e  i n t r o d u c t i o n  o f  e l e c t r o p h i l i c  s u b s t i t u e n t s  i n t o  th e  s u b s t r a t e  
was th o u g h t  to  be  due t o  th e  g r e a t e r  s t a b i l i t y  o f  th e  p r o d u c t  OQ; 
th e  o t h e r  p r o d u c t  SO^ was presum ed to  be  s t a b i l i z e d  by  co m b in a t io n  
w i th  th e  enzyme.
T h e re  a r e  t h r e e  p o s s i b l e  s i t u a t i o n s  by w hich th e  enzyme may 
m e d ia te  t h e  a r y l s u l f a t e  h y d r o l y s i s .  I t  may (1) form  an enzyme sub­
s t r a t e  com plex w i th  th e  a r y l  a l c o h o l  s p l i t t i n g  o u t  s u l f u r i c  a c i d  
fo l lo w e d  by  su b se q u e n t  r e l e a s e  o f  th e  p h e n o l ,  (2 )  form an enzyme 
s u b s t r a t e  com plex w i th  th e  s u l f o n a t e  s p l i t t i n g  o u t  th e  a r y l  a l c o h o l  
fo l lo w e d  by  su b se q u e n t  r e l e a s e  o f  th e  s u l f u r i c  a c i d  formed by 
c o m b in a t io n  o f  th e  enzyme s u b s t r a t e  complex w i th  w a te r ,  o r  ( 3 )0n o t  
form a d e m o n s t r a b le  enzyme s u b s t r a t e  complex a t  a l l .  No d a t a  in t e n d e d  
to  d i s t i n g u i s h  be tw een  t h e s e  a l t e r n a t i v e s  f o r  t h e  enzyme a r y l s u l f a t a s e  
have  b e e n  c o l l e c t e d .  P o s s i b l y  r e l e v a n t  d a t a  o b ta in e d  w i th  c h y m o try p s in  
by H a r t l e y  and K i lb y  (30) i n d i p a t e  t h a t  i n  th e  en zy m a tic  h y d r o l y s i s  o f  
n i t r o p h e n y l  e s t e r s  th e  e x t r a p o l a t e d  l i n e a r  h y d r o l y s i s  p l o t  u s in g  
p - n i t r o p h e n o l  p r o d u c t io n  a s  th e  m easu re  o f  th e  h y d r o l y s i s  does  n o t  
p a s s  th ro u g h  th e  o r i g i n  a t  z e r o  t im e .  F u r t h e r ,  th e  i n t e r c e p t  i s  
p r o p o r t i o n a l  to  th e  enzyme c o n c e n t r a t i o n  and in d e p e n d e n t  o f  s u b s t r a t e  
c o n c e n t r a t i o n .  These f a c t s  s u g g e s t  t h a t  th e  r e l e a s e  from th e  enzyme 
s u r f a c e  o f  th e  p r o d u c t  b e in g  m easu red  ( p - n i t r o p h e n o l )  c o n s i s t s  o f  a 
f a s t  r e a c t i o n  fo l lo w e d  by  a  s lo w e r  s t e p  i n  w hich th e  enzyme i s  a g a in  
made a v a i l a b l e  i n  th e  i n i t i a l  s t a t e .  The r e g e n e r a t i o n  s t e p  c o u ld  
involve*, t h e  r e l e a s e  o f  t h e  second p r o d u c t  ( th e  a c y l  g roup) from  th e
enzyme s u r f a c e ,  and such  com plexes  w ere  l a t e r  i s o l a t e d  (3 1 ) .  I t  i s
18a l s o  w o r th  n o t i n g  t h a t  h y d r o l y s i s  o f  e s t e r s  i n  ^ 0  w i th  c h y m o try p s in  (32)
18h a s  r e s u l t e d  e n z y m a t i c a l l y  and n o n -e n z y m a t ic a l l 'y  (3 3 ,3 4 )  i n  t h e  0
b e in g  added  t o  t h e  a c i d  r a t h e r  th an  th e  a l c o h o l  m o ie ty .  Based on
18t h e  en zy m a tic  r e a c t i o n ,  t h i s  means t h a t  t h e  H^O i s  r e a c t i n g  w i th
th e  enzyme s u b s t r a t e  com plex o r  th e  a r y l  enzyme. S im i l a r  e v id e n c e  
e x i s t s  f o r  th e  h y d r o l y s i s  o f  s u l f a t e  e s t e r s  by  a r y l s u l f a t a s e .  Baum 
and  Dodgson (13) o b ta in e d  e x t r a p o l a t e d  l i n e a r  h y d r o l y s i s  p l o t s  
o f  p - n i t r o p h e n o l  p r o d u c t i o n  i n  a  s tu d y  o f  th e  h y d r o l y s i s  o f  p - n i t r o -  
p h e n y l s u l f a t e  by th e  a r y l s u l f a t a s e  A from  human t i s s u e ,  and Webb and 
Morrow (22) o b ta in e d  l i k e  r e s u l t s  u s in g  ox l i v e r  a r y l s u l f a t a s e .
T h is  s u g g e s te d  to  u s  t h a t  th e  same s i t u a t i o n  m ig h t  a p p ly  w i th  th e  
a r y l s u l f a t a s e  from C l a r a s e  and t h a t  t h e s e  i n t e r c e p t s  m ig h t b e  due to  
r a p i d  r e l e a s e  o f  p - n i t r o p h e n o l  fo l lo w e d  by a  s lo w e r  r a t e  d e te rm in in g  
s t e p  in v o l v i n g  th e  s u l f a t e .
In  e v e r y  h y d r o l y s i s  r e a c t i o n  t h e r e  a r e  two s u b s t r a t e s  f o r  th e  
enzyme, one o f  w hich i s  w a t e r .  I f  we c o n s id e r  b o th  o f  th e s e  s u b ­
s t r a t e s  i n  e v e ry  h y d r o l y t i c  r e a c t i o n  r a t h e r  th a n  ig n o r e  th e  p r e s e n c e  
o f  w a te r ,  t h e  number o f  p o s s i b l e  ways i n  which th e y  may r e a c t  
i n c r e a s e s .  F i r s t ,  t h e  s u b s t r a t e s  may b o th  add to  th e  enzyme s u r f a c e  
t o  form a  t e r n a r y  complex b e f o r e  any p r o d u c t s  a r e  r e l e a s e d  from  th e  
enzyme s u r f a c e .  T h is  a d d i t i o n  may be  o f  a  random n a t u r e  i n  w hich  
e i t h e r  a d d s  t o  th e  enzyme f i r s t ,  o r  i t  may be o f  a  s e q u e n t i a l  ty p e
i n  which one s u b s t r a t e  m us t add to  t h e  enzyme b e f o r e  th e  o t h e r  w i l l
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a d d .  I n  any  e v e n t ,  such  a  sy stem  may b e  diagrammed as  f o l l o w s :
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Symbols used  th ro u g h o u t  t h i s  t h e s i s  hav e  th e  f o l lo w in g  
m ean ings: E = f r e e  enzyme, E(HLO) = h y d r a t e d  enzyme, S = p - n i t r o -
p h e n y l s u l f a t e ,  ES * e n z y m e - p - n i t r o p h e n y l s u l f a t e  com plex , ES(H„0) = 
t e r n a r y  com plex b e f o r e  r e a r r a n g e m e n t ,  EPQ = t e r n a r y  complex a f t e r  
r e a r r a n g e m e n t ,  EQ = enzyme combined t o  one p r o d u c t ,  and P and Q = 
p r o d u c t s .
(1 )  E +  (H20) v------------" E(H20)
E +  S — ^ ES
ES +  (H20)  ------Z=± 1S(H20) < - —4  EPC} v EQ +  P
1L
E(H20) +  S EQ;  . N E +  Q
I t  i s  a l s o  p o s s i b l e  t o  c o n c e iv e  o f  a s i t u a t i o n  i n  w h ich  one o r  
more p ro d u c ts  a r e  r e l e a s e d  b e f o r e  a l l  t h e  s u b s t r a t e s  have  added to  t h e  
s y s te m .  T h is  ty p e  o f  s y s te m  may be d e s c r i b e d  as
( 2 ) 3 E +  ^ % ' * (ES<-----v -  F + P
F +  (H20 ) s  " ^ ^ (H 20 ) ^ ---- > EQ] v —  E + Q
Based on th e  p ro p o s e d  mechanism o f  ch y m o try p s in  a c t i o n  (3 6 ) ,  
h y d r o l y t i c  r e a c t i o n s  w ould  be o f  t h i s  second  ty p e .  However, s i n c e  th e  
c o n c e n t r a t i o n  o f  w a te r  i s  a lw ays s a t u r a t i n g ,  t h e  k i n e t i c s  o f  t h i s  
r e a c t i o n  w ould  seem to  i n v o l v e  th e  a d d i t i o n  o f  o n ly  one s u b s t r a t e  w i th  
t h e  co n se q u e n t  r e l e a s e  o f  two p r o d u c t s .  T h is  sy s te m  would o b t a i n  
b e c a u s e  i t  i s  im p o s s ib le  t o  v a r y  th e  c o n c e n t r a t i o n  o f  w a te r  i n  an 
aq u eo u s  en v iro n m en t  (3 7 ) .
The u s e  o f  w a te r  a n a lo g s  such a s  a l c o h o l  and h y d ro x y lam in e  
a s  an a c y l  a c c e p t o r  ( n u c l e o p h i l e )  i n  t h e  p r e s e n c e  o f  w a te r  h as  been  
s u g g e s te d  as a  method f o r  t h e  i n v e s t i g a t i o n  o f  t h e  mechanism o f  th e  
r e a c t i o n  o f  w a t e r  in  an enzyme r e a c t i o n  (3 8 ) .  The u s e  o f  an  added 
n u c l e o p h i l e  (N) would m o d ify  th e  above e q u a t io n  to
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F i s  a  form o f  t h e  enzyme w hich  r e t a i n s  p a r t  o f  th e  s u b s t r a t e  
m o le c u le .
T h is  pa thw ay  i n d i c a t e s  no n e c e s s a r y  b in d in g  o f  t h e  w a te r  o r  added 
n u c l e o p h i l e  ( 3 9 ) .  The n u c l e o p h i l i c  r e a c t i v i t y  o f  m e th a n o l  and  o f  
w a te r  a r e  s i m i l a r  (40) and  th e  b e h a v i o r  o f  m e th a n o l  a s  an  a c y l  a c c e p to r  
conform s to  th e  a c y l  enzyme h y p o t h e s i s  d e v e lo p e d  w i th  c h y m o try p s in  ( 4 1 ) .  
C o n f l i c t i n g  e v id e n c e  r e g a r d i n g  t h i s  h a s  been  o b t a i n e d  (42) u s in g  
h y d ro x y lam in e  a s  t h e  added  n u c l e o p h i l e  and c h y m o try p s in  a s  th e  enzyme.
D a ta  i n  ag ree m en t w i th  th e  i d e a  w ere  o b t a i n e d  by  Epand and  W ilson  
(43) u s in g  seven  d i f f e r e n t  e s t e r s  o f  h i p p u r i c  a c i d  a s  s u b s t r a t e  f o r  
c h y m o try p s in .  They found  th e  same f r a c t i o n  o f  e a c h  e s t e r  was c o n v e r t e d  
t o  th e  c o r r e s p o n d in g  h yd roxam a te  i n  th e  p r e s e n c e  o f  h y d ro x y lam in e  
even  though  th e  M ic h a e l i s  c o n s t a n t s  and maximum v e l o c i t i e s  o f  th e s e  
r e a c t i o n s  w ere  v e r y  d i f f e r e n t .  These  r e s u l t s  a r e  c o m p a t ib le  w i th  th e  
h y p o th e s i s  t h a t  t h e  h y d ro x y la m in e  i s  r e a c t i n g  w i t h  a  h i p p u r y l  enzyme 
com plex i n  each  o f  th e  seven  c a s e s  and t h a t  th e  r a t e  d e t e r m in in g  s t e p  
i s  th e  d e a c y l a t i o n  s t e p .
When N - a c e t y l - L - t y r o s i n e  e t h y l  e s t e r  was u s e d  a s  a  s u b s t r a t e  
th e  r a t e  o f  th e  h y d r o l y s i s  r e a c t i o n  i n  th e  p r e s e n c e  o f  h y d ro x y la m in e  
was n o t  a  f u n c t i o n  o f  th e  h y d ro x y la m in e  c o n c e n t r a t i o n .  A lth o u g h  th e  
c o n c e n t r a t i o n  o f  N - a c e t y l - L - t y r o s i n e  hydroxam ate  form ed was p r o p o r t i o n a l  
t o  th e  c o n c e n t r a t i o n  o f  h y d ro x y la m in e ,  t h i s  r e a c t i o n  a p p ro a c h e s  no 
l i m i t i n g  maximum v e l o c i t y  a t  c o n c e n t r a t i o n s  o f  h y d ro x y la m in e  o f  th e  
o r d e r  o f  3 M (44) . T hese  a u t h o r s  b e l i e v e d  h y d ro x y la m in e  c o u ld  n o t  be
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bound by t h e  enzyme s i n c e  th e  v e l o c i t y  o f  th e  h y d r o x y la m in o ly s i s  r e a c t i o n  
d i d  n o t  a p p ro ac h  a maximum and s i n c e  t h e  h y d r o l y s i s  r e a c t i o n  was n o t  
a f u n c t i o n  o f  hyd ro x y lam in e  c o n c e n t r a t i o n .  To e x p l a i n  t h e s e  r e s u l t s ,  
B ender showed t h a t ,  b a se d  upon t h e  p ro p o se d  r e a c t i o n  mechanism, t h e  
e q u a t i o n  f o r  th e  maximal r a t e  o f  h y d r o l y s i s  i s
dP2 / d t  = (Et k 2k3 H20 ) / ( k 2 + k 3H20 + k4N)
T hus , i f  i n  t h e  h y d r o l y s i s  o f  N - a c e t y l - L - t y r o s i n e  e t h y l  e s t e r  
(1 )  k 2 »  k 3 •H2O so k 3 *H20 may be c o n s id e r e d  as  i n s i g n i f i c a n t  when 
added  to  tc2 and (2) k4 N i s  o f  t h e  same o r d e r  o f  m a g n itu d e  as  k3*H20 so 
i t  a l s o  may be c o n s id e r e d  i n s i g n i f i c a n t  when added to  k 2 , th e n
dP2 / d t  = k3 -H20 Et  
o r  th e  h y d r o l y s i s  i s  in d e p e n d e n t  o f  h y d ro x y lam in e  c o n c e n t r a t i o n  (4 1 ) .  
However, t h i s  i n t e r p r e t a t i o n  o f  t h e  d a t a  o b ta in e d  u s i n g  N - a c e t y l - L -  
t y r o s i n e  hydroxam ate  makes t h e  r e a c t i o n  d ep en d e n t on h y d ro x y lam in e  
c o n c e n t r a t i o n .  B ender found t h a t  t h e  k 2 f o r  th e  am ides o f  N - a c e t y l - L -  
t r y p t o p h a n  and N - a c e t y l - L - p h e n y l a l a n i n e  was r a t e  d e t e r m in in g  f o r  th e  
h y d r o l y s i s  r e a c t i o n  w i t h  th e s e  s u b s t r a t e s ,  w hereas  k 3 i s  r a t e  
d e t e r m in in g  (45) f o r  a l l  e s t e r s  o f  t h e s e  two amino a c i d s  t e s t e d .
I f  k 2 i s  r a t e  d e te rm in in g  f o r  h y d r o l y s i s  o f  N - a c e t y l - L - t y r o s i n e  
h y d ro x am a te ,  th e n  by e q u a t io n  3:
dP2 / d t  = k 3 H20 k 2Et / k 3 H20 + k4 N
and dP2 / d t  i s  a f f e c t e d  by h y d ro x y lam in e  c o n c e n t r a t i o n  i n  a n o n l i n e a r  
f a s h i o n  when th e  amide bond i s  t o  be b ro k en  (4 1 ) .
S u r p r i s i n g l y ,  a f u r t h e r  i n v e s t i g a t i o n  (42) w i t h  one o f  t h e  
e s t e r s  o f  h i p p u r i c  a c i d ,  m ethy l h i p p u r a t e ,  a s  th e  s u b s t r a t e  f o r
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ch y m o try p s in  showed t h a t  th e  r a t e  o f  th e  h y d r o l y s i s  r e a c t i o n  d e c re a s e d  
i n  th e  p r e s e n c e  o f  h y d ro x y la m in e ,  b u t  th e  o v e r a l l  r e a c t i o n  r a t e  
( h y d r o l y s i s  p lu s  h y d r o x y la m in o ly s i s )  was g r e a t e r  th a n  th e  r a t e  of 
h y d r o l y s i s  i n  t h e  a b s e n c e  o f  h y d ro x y la m in e .  A t a  h y d ro x y lam in e  
c o n c e n t r a t i o n  o f  0 .5 0 0  M th e  h y d r o l y s i s  r e a c t i o n  was c o m p le te ly  
i n h i b i t e d ,  and th e  r a t e  o f  th e  h y d r o x y la m in o ly s i s  r e a c t i o n  was a p p ro a c h ­
in g  a maximum. T hese  a u t h o r s  b e l i e v e d  th e  h y d roxy lam ine  m o le c u le  
com peted w i th  w a te r  f o r  a  s i t e  o n ^ th e  enzyme. T h is  i s  i n c o n s i s t e n t  
w i th  e q u a t io n  3 . At a  pH o f  7 th e  V o f  th e  h y d r o x y la m in o ly s i s  
r e a c t i o n  i s  2 .4  t im e s  t h a t  o f  t h e  h y d r o l y s i s  r e a c t i o n .  Comparing 
t h e s e  r e s u l t s  t o  t h e  c a l c u l a t e d  r a t e  c o n s t a n t s  and k^ f o r  h y d r o l y s i s  
o f  m e thy l h i p p u r a t e  ( 4 6 ) ,  i t  seems t h a t  th e  r a t e  o f  th e  h y d r o l y s i s  
r e a c t i o n  e x c e e d s  k^ by  a  f a c t o r  o f  2 .  I t  i s  im p o s s ib l e  f o r  a  r e a c t i o n  
t o  p ro cee d  f a s t e r  th a n  t h e  s lo w e s t  s t e p  i n  th e  p r o c e s s ,  so  t h i s  a l s o  
p o i n t s  up an  i n c o n s i s t e n c y  be tw een  th e  d a t a  and t h e  p ro p o sed  mechanism 
o f  a c t i o n  o f  th e  enzyme. T h is  e f f e c t  on th e  r a t e  c o n s t a n t s  r e q u i r e s  
f u r t h e r  i n v e s t i g a t i o n  s in c e  a  f a c t o r  o f  two i s  n o t  a v e ry  s i g n i f i c a n t  
number c o n s i d e r i n g  t h a t  th e  d a t a  w ere  ta k e n  from d i f f e r e n t  s o u r c e s .
The u s e  o f  h y d ro x y lam in e  a s  an  a c y l  a c c e p t o r  i s  p a r t i c u l a r l y  
i n t r i g u i n g  s i n c e  R ob inson  and co w o rk e rs  (2) found among o t h e r  th in g s  
t h a t  h y d ro x y lam in e  i s  an  i n h i b i t o r  t o  t h e  e n zy m a tic  h y d r o l y s i s  o f  
p - n i t r o p h e n y l s u l f a t e  when T a k a d ia s t a s e  i s  u sed  a s  th e  enzyme s o u rc e .
The o b v io u s  q u e s t i o n  t h a t  a r i s e s  i s  t h a t  i f  h y d ro x y lam in e  i s  
an  i n h i b i t o r  o f  a r y l s u l f a t a s e ,  can  i t  i n h i b i t  by  a c t i n g  a s  a  r e p l a c e ­
m ent f o r  w a te r  i n  t h e  en zy m a tic  r e a c t i o n ?  In  o r d e r  to  d e te r m in e  t h i s  
i t  w i l l  be n e c e s s a r y  to  d e r iv e  th e  k i n e t i c  e q u a t io n s  r e p r e s e n t a t i v e
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o f  t h e  more c o m p l ic a te d  s y s te m  and to  s e e  i f  th e  d e r i v e d  e q u a t i o n
confo rm s to  th e  d a t a  o b ta in e d .
The o b j e c t i v e s  o f  t h i s  i n v e s t i g a t i o n  were:
1 . To p r e p a r e  and u s e  one isozym e o f  th e  enzyme a r y l s u l f a t a s e
f o r  a k i n e t i c  a n a l y s i s .
2 .  To a s c e r t a i n  w h e th e r  th e  i n t e r c e p t  o f  a  g ra p h  o f  p - n i t r o p h e n o l  
p ro d u ced  as a f u n c t i o n  o f  t im e  when a r y l s u l f a t a s e  i s  th e  enzyme behaves  
i n  a  m anner a n a lo g o u s  to  t h e  r e a c t i o n  i n  w hich c h y m o try p s in  i s  th e  
enzym e.
3 .  To d e r i v e  th e  k i n e t i c  e q u a t io n s  r e p r e s e n t i n g  th e  b e h a v io r  o f  
an added  n u c l e o p h i l e  i n  t h e  p o s t u l a t e d  h y d r o l y s i s  r e a c t i o n  as  i s
P
shown i n  e q u a t io n  3 ,  page 9 . .
4 .  To show w h e th e r  t h e  v a r i a t i o n  o f  th e  r a t e  o f  th e  h y d r o l y s i s  
r e a c t i o n  w i th  change  in  t h e  c o n c e n t r a t i o n  o f  th e  com ponents i n  t h e  
r e a c t i o n  i s  i n  a c c o rd a n c e  w i t h  th e  v a r i a t i o n  p r e d i c t e d  by th e  e q u a t io n s .
5 .  To i n v e s t i g a t e  t h e  p o s s i b l e  i n h i b i t o r y  e f f e c t  o f  some s i m i l a r  
n u c l e o p h i l i c  a g e n t s .
These  d a t a  w ere  in t e n d e d  to  shed  l i g h t  on t h e  p o s t u l a t e d  
m echanism  o f  h y d r o l y s i s  by t h e  enzyme a r y l s u l f a t a s e  (F ig u re  1A) and 
on t h e  p o s t u l a t e d  mechanism o f  th e  r e a c t i o n  o f  a n u c l e o p h i l i c  i n h i b i t o r  
in  t h e  h y d r o l y s i s  r e a c t i o n  ( F ig u r e  IB ) .
Figure X
MECHANISM OF HYDROLYSIS BY ARULSULFATASE
Mechanism of Hydrolysis  
by A ry ls u l f a ta se
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EXPERIMENTAL
The f i r s t  s t e p  i n  an  enzyme k i n e t i c  s tu d y  i s  t o  d e te r m in e  
i n s o f a r  as  i s  p o s s i b l e  t h e  c o m p le x i ty  o f  t h e  sy s te m  b e in g  i n v e s t i g a t e d .
I n  o r d e r  t o  a c h ie v e  t h i s  o b j e c t i v e ,  th e  enzyme was c o n c e n t r a t e d  by 
s o l u b i l i t y  f r a c t i o n a t i o n  and column ch rom a tog raphy  to  a s c e r t a i n  and 
s e p a r a t e  enzyme forms p o s s e s s i n g  a r y l s u l f a t a s e  a c t i v i t y .
Enzyme F r a c t i o n a t i o n : The s t a b i l i t y  and s o l u b i l i t y  o f  a r y l ­
s u l f a t a s e  i n  1 M a c e t a t e  b u f f e r ,  pH 6 a t  50°C, w ere  d e te rm in e d  by 
p r e p a r i n g  3 ,  4 ,  5 , 6 , 7 , 8 ,  9 , and 10% enzyme s o l u t i o n s .  A t z e ro
t im e  20 ml o f  pH 6 .0  a c e t a t e  b u f f e r  a t  50°C w ere  ad d e d ^ to  a  b e a k e r
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c o n t a i n i n g  enough C l a r a s e  t o  r e s u l t  i n  th e  d e s ig n a t e d  c o n c e n t r a t i o n .  
A l iq u o t s  (3 ml) w ere  removed from  t h i s  in c u b a te d  sam ple a t  5 ,  10, 20,
30 , and 60 m inu te  i n t e r v a l s  and p la c e d  i n  t e s t  tu b e s  w h ich  had  been
i n  an  i c e  s a l t  b a th .  The r e s u l t i n g  a l i q u o t  im m e d ia te ly  a f t e r  p i p e t t i n g
o o
was a t  25 C, The sam ples  w ere  h e l d  a t  23 C u n t i l  a l l  a l i q u o t s  w ere
ta k e n .  They w ere  t h e n  c e n t r i f u g e d  f o r  10 m in u te s  t o  remove u n d i s s o lv e d
p r o t e i n .  Then 2 ml o f  t h e  s u p e r n a t a n t  w ere d i l u t e d  t o  10 ml w i t h  b u f f e r ,
pH 6 .0 .  T h is  was u s e d  as  th e  enzyme s o l u t i o n  i n  eac h  o f  t h e  a s s a y s
and d i l u t e d  1 /5  f o r  p r o t e i n  d e t e r m in a t io n .  P r o t e i n  was d e te rm in e d
^ T h is  i s  a  com m erc ia l  p r e p a r a t i o n  o f  A s p e r g i l l u s  o r y z a e  p r e p a r e d  
by e x t r a c t i o n  o f  th e  c u l t u r e  mass o f  th e  mold w i th  w a te r  f o l lo w e d  by 
p r e c i p i t a t i o n  o f  t h e  enzymes w i th  e th a n o l  and s u b s e q u e n t  d e h y d r a t io n  
w i th  a l c o h o l  (2 4 ) .  T h is  g ra d e  o f  C la r a s e  ( t h e  l e a s t  p u re  o f  t h e  g ra d e s  
on th e  m a rk e t )  was s e l e c t e d  b e c a u se  o f  th e  f a c t  t h a t  a r y l s u l f a t a s e  i s  a 
c o n ta m in a n t  o f  th e  d i a s t a s e  p r e p a r a t i o n .  The com m ercia l u s e  o f  C la r a s e  
i s  as  a  d i a s t a s e  and th e  p u r e r  t h e  g ra d e  o f  C l a r a s e ,  th e  l e s s  a r y l s u l f a t a s e  
p r e s e n t .
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from th e  a b s o rb a n c y  a t  2800 £  i n  a  Beckman-DB S p e c t ro p h o to m e te r .  The 
a r y l s u l f a t a s e  a s s a y  was p e rfo rm e d  by m ix in g  2 ml o f  0 .0 0 2  M p - n i t r o -  
p h e n y l s u l f a t e  (Sigma Chem ical Company), a volume o f  enzyme s o l u t i o n  
o f  th e  v a r i o u s  c o n c e n t r a t i o n s  such  t h a t  th e  amount o f  C la r a s e  p e r  
sample (had  i t  a l l  d i s s o l v e d )  w ould  be  e q u i v a l e n t  t o  th e  a c t i v i t y  o f  
1 .67  ml o f  3% C l a r a s e ,  and enough b u f f e r  t o  b r i n g  th e  t o t a l  a s s a y  
volume t o  5 m l . The r e a c t i o n  was s t a r t e d  by  r a p i d l y  b lo w in g  th e  enzyme 
s o l u t i o n  i n t o  t h e  s u b s t r a t e  and b u f f e r .  A f t e r  60 m in u te s  a t  37°C 
th e  r e a c t i o n  was s to p p e d  by th e  a d d i t i o n  o f  0 .5  ml o f  2 N sodium h y d ro x id e  
and t h e  a b s o rb a n c y  d e te rm in e d  a t  4000 £  i n  a Beckman-DB S p e c t ro p h o to m e te r .  
The c o n c e n t r a t i o n  o f  p - n i t r o p h e n o l  i n  (j,Moles i s  e q u a l  t o  0 .5 1 0 4  t im e s  th e  
a b s o rb a n c y  assum ing  an  e x t i n c t i o n  c o e f f i c i e n t  o f  1 8 ,2 0 0 .  These d a t a  
a r e  shown i n  T a b le  I .
T a b le  I  i n d i c a t e s  t h a t  enzyme a c t i v i t y  i s  n o t  p r o p o r t i o n a l  to  
C la r a s e  c o n c e n t r a t i o n  above a c o n c e n t r a t i o n  o f  3%. The d a t a  in  T a b le  I  
a l s o  i n d i c a t e  t h a t  th e  p r o t e i n  i s  q u i t e  s t a b l e  t o  h e a t i n g  a t  50°C. I t  
was t h e r e f o r e  d e c id e d  t o  u s e  a  3% aqueous  s o l u t i o n  o f  C l a r a s e  i n  f u r t h e r  
p u r i f i c a t i o n  s t e p s .
The p r o d u c t i o n  o f  a c t i v e  a c e to n e  powders was n e x t  s t u d i e d  
s in c e  th e y  have  b een  r e p o r t e d  to  b e  a  d e s i r a b l e  way o f  p r e s e r v in g  
a r y l s u l f a t a s e  a c t i v i t y  ( 4 7 , 8 , 4 9 , 1 0 ) .
To d e te rm in e  th e  m ost f a v o r a b l e  a c e to n e  c o n c e n t r a t i o n ,  th e  
a c e to n e  p e r c e n ta g e  was v a r i e d  from  0 t o  60% w h i le  th e  amount o f  p r o t e i n  
was k e p t  c o n s t a n t .  C l a r a s e  (1 .5  g) was d i s s o l v e d  i n  eac h  o f  6 
c o n t a i n e r s  c o n t a i n i n g  t h e  i n d i c a t e d  amount o f  w a te r  and c o o le d  as  
d e s c r i b e d .  Then a  volume o f  a c e to n e  was added to  r e s u l t  i n  th e  r e c o r d e d
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TABLE I
STABILITY AND SOLUBILITY OF ARYLSULFATASE IN 1 M 
ACETATE BUFFER pH 6 .0  AND 50°C
Volume o f  P e r io d  |XMoles Ag Q
%  Enzyme S o ln .  o f  H ea t in g  p - n i t r o -  2800A
Enzyme I n  A ssay  (m is) I n  M inutes p h en o l o f  1 /5  d i l
3 1 .67 '5.'5 0 ,4 4 0 .3 8
3 1 .67 10 0 .65 0 .3 6
3 1 .6 7 20 0 .6 5 0 .37
3 1 .67 30 0 .6 4 0 .3 8
3 1 .67 60 0 .62 0 .3 7
4 1 .2 5 5 .5 0 .27 0 .21
4 1 .25 10 0 .3 4 0 .1 9
4 1 .2 5 20 0 .2 6 0 .2 0
4 1 .2 5 60 0 .2 4 0 .17
5 1 .0 5 0 .32 0 .2 2
5 1 .0 10 0 .2 4 0 .2 5
5 1 .0 20 0 .2 0 0 .2 4
5 1 .0 30 0 .22 0 .245
5 1 .0 60 0 .22 0 .245
6 0 .8 4 5 .5 0 .2 8
6 0 .8 4 10 0 .25 0 .2 9
6 0 .8 4 20 0 .26 0 .2 9
6 0 .8 4 30 0 .27 0 .3 5
6 0 .8 4 60 0 .25 0 .4 3
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TABLE I  (C o n t in u e d )
Volume o f  P e r io d  |JLMoles Ag 0
% Enzyme S o ln .  o f  H e a t in g  p - n i t r o -  2800A
Enzyme I n  A ssa y  (m is)  I n  M inu tes  p h e n o l  o f  1 /5  d i l
7 0 .7 1 5 0 .2 0 0 .3 3
7 0 .7 1 10 0 .2 4 0 .3 2
7 0 .7 1 20 0 .2 4 0 .3 2
7 0 .7 1 30 0 .1 9 0 .3 2
7 0 .7 1 60 0 .2 3 0 .3 2
8 0 .6 3 5 .5 0 .3 9 5
8 0 .6 3 10 0 .2 5 0 .3 8
8 0 .6 3 20 0 .27 0 .3 7
8 0 .6 3 30 0 .2 7 0 .4 0
8 0 .6 3 60 0 .2 5 0 .4 4
9 0 .5 6 5 0 .2 2 0 .4 0
9 0 .5 6 10 0 .2 4 0 .3 9 5
9 0 .5 6 20 0 .2 4 0 .4 0
9 0 .5 6 30 0 .2 2 0 .4 1 5
9 0 .5 6 60 0 .2 2 0 .4 1 5
10 0 .5 0 5 0 .2 4 0 .4 0 5
10 0 .5 0 10 0 .2 3 0 .4 0
10 0 .5 0 20 0 .2 1 0 .2 0
10 0 .5 0 30 0 .2 5 0 .4 1
10 0 .5 0 60 0 .1 4 0 .2 3
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f i n a l  a c e to n e  c o n c e n t r a t i o n  o n  a vo li im e /vo lum e p e r c e n t a g e  b a s i s  
(T a b le  I ) .  An Aminco R e f r i g e r a t e d  B a th  c o n t a i n i n g  co m m erc ia l  a n t i ­
f r e e z e  was a d j u s t e d  t o  -9 °C .  The i n d i c a t e d  ^mount o f  C l a r a s e  was 
d i s s o l v e d  i n  t h e  a p p r o p r i a t e  volum e o f  w a t e r  i n  a  s t a i n l e s s  s t e e l  
b e a k e r  (m e ta l  i o n s  a p p a r e n t l y  do n o t  a f f e c t  a r y l s u l f a t a s e  a c t i v i t y )  
e q u ip p e d  w i t h  a  m e c h a n ic a l  s t i r r e r .  When t h e  t e m p e r a t u r e  o f  t h e  w a t e r  
d ro p p e d  be low  5°C t h e  d e s i r e d  am ount o f  -9°C  a c e t o n e  was a l lo w e d  to  
r u n  i n t o  t h e  s t i r r e d  aqueous  s o l u t i o n  th r o u g h  a  s p a r g e r  c o n n e c te d  to  
a  d r o p p in g  f u n n e l .  T h i s  a l lo w e d  f o r  g r e a t e r  d i s p e r s i o n  o f  t h e  a c e to n e  
so  t h a t  r e g i o n s  o f  h ig h  a c e t o n e  c o n c e n t r a t i o n  d i d  n o t  d e v e l o p .  T h is  
s o l u t i o n  was a l lo w e d  t o  r e m a in  a t  -9°C  w i t h  s t i r r i n g  f o r  1 h o u r .  The 
s o l u t i o n  was t h e n  p o u re d  i n t o  c o l d  p o l y e t h y l e n e  b o t t l e s  and  c e n t r i f u g e d  
a t  1850 rpm f o r  20 m in u te s  i n  a S e r v a l l  RC-2 r e f r i g e r a t e d  c e n t r i f u g e  
a t  -5 ° C .  The f l u i d  was t h e n  d e c a n t e d  and t h e  a c e to n e  p r e c i p i t a t e  was 
a l lo w e d  t o  d r a i n  a t  l e a s t  5 m in u te s  i n  t h e  i n v e r t e d  c e n t r i f u g e  b o t t l e  
b e f o r e  50 ml o f  0 .0 2  M a c e t a t e  b u f f e r ,  pH 4 . 8 ,  was added  t o  d i s s o l v e  
t h e  p r e c i p i t a t e .  T h i s  s o l u t i o n  was t h e n  p o u re d  i n t o  a g l a s s  125 ml 
E r le n m e y e r  f l a s k ,  f r o z e n  i n  d r y  i c e  and  a c e t o n e ,  and  s t o r e d  i n  t h e  
f r e e z e r  u n t i l  a l l  f r a c t i o n s  w e re  c o l l e c t e d ,  a s  t h e  a p p a r a t u s  p e r m i t t e d  
t h e  f r a c t i o n a t i o n  o f  o n ly  two s a m p le s  a t  a t im e .  T hese  w ere  t h e n  
a s s a y e d  f o r  a r y l s u l f a t a s e  a s  d e s c r i b e d  e a r l i e r  b u t  u s i n g  0 .5  ml o f  t h e  
sam p le  a s  t h e  enzyme s o l u t i o n .  P r o t e i n  c o n c e n t r a t i o n s  w ere  o b t a i n e d  
f ro m  t h e  a b s o r b a n c y  a t  2800 £  o f  a 1 /5  d i l u t i o n  o f  t h e  enzyme sam p le  
d e t e r m in e d  i n  a  Beckman*DB S p e c t r o p h o t o m e t e r .  D a ta  f o r  d u p l i c a t e  
a s s a y s  a r e  g iv e n  i n  T a b le  I I .
T h e  r a t i o  c o lu m n .o f  T a b l e  I I  shows t h a t  e v e n  £hough th q  d u p l i c a t e  
o f  ea c h  f r a c t i o n  r e s u l t e d  i n  a  h i g h e r  p r o t e i n  c o n c e n t r a t i o n  and a  h i g h e r
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enzyme a c t i v i t y  ( g r e a t e r  p - n i t r o p h e n o l  p ro d u c t io n )  th a n  th e  sam ple  ru n  
on th e  p r e v i o u s  d ay ,  th e  r a t i o  o f  t h e  enzyme s c t i v i t y  to  p r o t e i n  
c o n c e n t r a t i o n  was t h e  h i g h e s t  f o r  t h e  30% a c e to n e  f r a c t i o n .  On t h i s  
b a s i s  th e  30% a c e to n e  p r e c i p i t a t e  was c h o sen  f o r  column s p e a r a t i o n .
Column S e p a r a t i o n ; A m b e r l i te  CG-50 Type 2 (a  w eak ly  a c i d i c  
c a r b o x y l i c  a c i d  ty p e  c a t io n - e x c a h n g e  r e s i n  c o n t a i n i n g  4-6% c r o s s -  
l i n k e d  d iv i n y lb e n z e n e )  was p la c e d  on a 200 mesh s i e v e  i n  an  A r th u r  H. 
Thomas r e c i p r o c a l  s h a k e r  o v e r n i g h t .  The r e s i n  was c o n v e r t e d  t o  th e  
sodium form  by  e q u i l i b r a t i n g  w i th  40% sodium h y d ro x id e  f o r  a t  l e a s t  
30 m in u te s  and  w ash ing  c o p io u s ly  w i th  d i s t i l l e d  w a t e r .  I t  was n e x t  
b r o u g h t  t o  pH 4 .8  and e q u i l i b r a t e d  w i th  0 .0 2  M sodium  a c e t a t e  b u f f e r ,  
pH 4 . 8 ,  f o r  24 h o u r s .  T h is  r e s i n  was th e n  packed a s  a  s l u r r y  i n  a 
column 2 cm b y  24 cm. About 10 p s i  o f  p r e s s u r e  was a p p l i e d  to  th e  to p  
o f  th e  colum n a f t e r  p a c k in g .  The column and f r a c t i o n  c o l l e c t o r  
(R esearch  S p e c i a l t i e s  Company w i th  a  D-8 T u r n t a b le )  w ere  p la c e d  i n  a 
c o ld  room (3 8 -4 2 °F )  and 300 ml o f  0 .0 2  M sodium a c e t a t e  b u f f e r ,  pH 4 . 8 ,  
w ere  p a s s e d  th ro u g h  th e  column.
The enzyme s o l u t i o n  p la c e d  on t h i s  column was p r e p a r e d  from  
t h e  307o a c e t o n e  p r e c i p i t a t e  o f  a 3% aqueous  enzyme s o l u t i o n  a s  
d e s c r ib e d  p r e v i o u s l y .  The p r e c i p i t a t e  from 9 g o f  C la r a s e  was 
d i s s o l v e d  i n  200 ml o f  0 .0 2  M a c e t a t e  b u f f e r ,  pH 4 . 8 ^  and d i a l y e e d  
a g a i n s t  t h e  same b u f f e r  f o r  3 h o u r s  a t  5°C. A f t e r  d i a l y s i s ,  t h e  
volume o f  enzyme s o l u t i o n  was 210 m l .  Two hu n d red  mj. o f  t h i s  w e re  
washed i n t o  t h e  column w i th  300 ml o f  0 .02  M sodium a c e t a t e  b u f f e r ,  
pH 4 . 8 .  E l u t i o n  was th e n  begun a c c o r d in g  t o  th e  p ro c e d u re  o f  
C h e r a y i l  (1 9 )  u s in g  a  l i n e a r  g r a d i e n t  o f  1500 ml o f  0 .0 2  M sodium
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a c e t a t e  b u f f e r ,  pH 4 . 8 ,  and 1400 ml o f  0 .7  N sodium  a c e t a t e .
F r a c t i o n s  (40 ml e a c h )  w ere c o l l e c t e d  and  l y o p h i l i z e d .  The e l u t i o n
o f  t h i s  column r e q u i r e d  10 d a y s .  The f lo w  r a t e  o f  th e  column was
n o t  s t e a d y  b u t  began  a t  6 ml an  h o u r  and d e c r e a s e d  t o  1 ml i n  3
h o u rs  as t h e  e l u t i o n  p ro c e e d e d .  At two day  i n t e r v a l s ,  th e
f r a c t i o n s  c o l l e c t e d  w ere  l y o p h i l i z e d  on an A m erican  In s t r u m e n t
o
Company f r e e z e - d r y  a p p a r a tu s  and s t o r e d  a t  4 C i n  t h e  d ry  s t a t e .
Each l y o p h i l i z e d  f r a c t i o n  was d i s s o l v e d  i n  5 mis o f  d i s t i l l e d
w a te r  and a s s a y e d  f o r  p r o t e i n  by th e  m o d i f ie d  Lowry method (5 1 )
d e s c r ib e d  below  and f o r  a r y l s u l f a t a s e  a c t i v i t y  by t h e  m o d if ie d
Dodgson method (5) d e s c r i b e d  on page  16 . T hese  f r a c t i o n s  s h a l l  be
r e f e r r e d  t o  as  t o  F40-
M o d if ie d  Lowry p r o t e i n  d e t e r m i n a t i o n
R eagen t A = 4% sodium  c a r b o n a te
R eagen t B = 2% co p p e r  s u l f a t e
R eagen t C = 4% sodium  p o ta s s iu m  t a r t r a t e
R eagen t D = 100A + IB + 1C ( p r e p a r e d  d a i l y )
R eagen t E = F o l i n - C i o c a l t e u  r e a g e n t  (H a r le c o  f u l l  s t r e n g t h )
F o r  an  a s s a y ,  5 ml o f  D was added to  0 .5  ml o f  one o f  th e
f r a c t i o n s  F^ th ro u g h  F ^ q and warmed a t  40°C f o r  15 m in u te s .
R eagen t E was d i l u t e d  w i th  an e q u a l  volume o f  w a t e r ,  and 0 .5  ml
o f  t h e  r e s u l t a n t  s o l u t i o n  was added  t o  t h e  in c u b a te d  s o l u t i o n .
A f t e r  30 m in u te s  a t  room t e m p e r a tu r e  t h e  a b s o rb a n c y  was d e te rm in e d  
o
a t  6600 A. i n  a  K le t t-S um m erson  P h o t o e l e c t r i c  C o lo r i m e t e r .  T hese  
d a t a  a r e  p r e s e n t e d  g r a p h i c a l l y  i n  F ig u r e  2.
Figure 2
CONCENTRATION OF PROTEIN AND ENZYMATIC ACTIVITY ■ 
OF COLUMN EFFLUENT FRACTIONS 
+ p r o t e i n  c o n c e n t r a t i o n  





































ARYLSULFATASE ACTIVITY OF ACETONE PRECIPITATED FRACTIONS
%
A cetone
S4000  1 
1 /1 0  d i l
|iMoles
p - n i t r o -
p h e n o l r a t i o *
60 0 . 5 3 0 .7 4 5 1 .4
60 0 . 7 5 0 .7 6 1 .01  '
50 0 . 2 3 0 .6 8 2 .9 6
50 0 .4 4 0 .6 8 1 .36
40 0 .2 3 0 .5 6 2 .4 4
40 0 .3 2 8 0.63^ 1.89
30 0 .1 6 5 0 .5 0 3.02
30 0 .2 4 5 0 .5 5 2 .2 4
20 0 . 1 0 0 .1 5 1*5
20 0 .1 4 2 0 .1 5 5 1.09
* R a t io  o f  A
S4000
of  p - n i t r o p h e n o l p ro d u ced  to  A o f
s 2800 X
1/5  d i l .
25
I t  i s  e v i d e n t  t h a t  t h e  p r o t e i n  c o n t e n t  o f  th e  f r a c t i o n s
shown on th e  r i g h t  hand a x i s  o f  F ig u r e  1 i s  s e p a r a t e d  i n t o  two
a b s o r p t i o n  maxima. Only one o f  t h e s e  maxima r e p r e s e n t s  a  p r o t e i n
c o n t a in in g  a r y l s u l f a t a s e  a c t i v i t y ,  how ever ,  s i n c e  o n ly  one
c o r r e s p o n d in g  peak  i s  o b t a in e d  i n  th e  p a t t e r n  o f  enzyme a c t i v i t y
o f  t h e s e  f r a c t i o n s .  The c o n c e n t r a t i o n  o f  p - n i t r o p h e n o l  p ro d u ced
p e r  f r a c t i o n  a f t e r  an  8 h o u r  i n c u b a t i o n  i s  shown by t h e  l i n e
d e s ig n a t e d  w i th  d o t s  i n  F ig u r e  1 and r e f e r s  t o  th e  l e f t  han d
a x i s  o f  t h e  d ia g ra m . T h is  i n d i c a t e s  o n ly  one o f  th e  t h r e e
isozym es d i s c o v e r e d  i n  A. o ry z a e  by C h e r a y i l  (19) i s  a c t i v e  i n  th e
C l a r a s e  p r e p a r a t i o n .  T h e r e f o r e ,  th e  u n p u r i f i e d  C la r a s e  may be
used  as  th e  enzyme s o u rc e  i n  k i n e t i c  s t u d i e s .
M o le c u la r  W eight D e te r m in a t io n : The l y o p h i l i z e d  f r a c t i o n s
28 and 29 w ere ea c h  d i s s o l v e d  i n  5 c c  o f  d i s t i l l e d  w a t e r ,  combined,
o
and d i a l y z e d  o v e r n i g h t  a t  5 C a g a i n s t  0 .0 2  M sodium a c e t a t e  b u f f e r ,
pH 4 . 8 .  The f r a c t i o n s  w ere  th e n  d i a l y z e d  f o r  6 hours a g a i n s t  d i s t i l l e d  
o
w a te r  a t  5 C and l y o p h i l i z e d .  N ex t,  0 .5  c c  o f  d i s t i l l e d  w a t e r  was
added to  th e  d ry  f l a s k  and t h e  s i d e s  w ere  w ashed w i th  t h e  l i q u i d  by
o
s lo w ly  r o t a t i n g  t h e  f l a s k  360 s e v e r a l  t i m e s .  This  enzyme s o l u t i o n  
was u se d  f o r  t h e  m o le c u la r  w e ig h t  d e t e r m i n a t i o n  by u l t r a c e n t r i f u g a t i o n .
S u c ro se  g r a d i e n t s  w ere  p r e p a r e d  a c c o r d in g  to  th e  d e s c r i p t i o n  
o f  M a r t i n  and Ames (5 0 ) .  Two ml o f  20% (w e ig h t/v o lu m e )  s u c r o s e  
i n  0 ,0 5  M T r i s -H C l  b u f f e r  o f  pH 7 .0  was p l a c e d  in  a cham ber o f  a 
L u c i t e  b lo c k  c o n t a i n i n g  two cham bers c o n n e c te d  a t  th e  b o t to m  by a 
s to p c o c k .  T h is  chamber was l o c a t e d  n e x t  t o  t h e  o u tf lo w  t u b e  which 
c o n ta in e d  as a s t i r r e r  a p la t i n u m  b a c t e r i o l o g i c a l  i n o c u l a t i n g  loop
mounted on a  m o to r .  The l i n e  c o n n e c t in g  t h e  two cham bers and th e  
o u t f lo w  tu b e  had  been  f i l l e d  p r e v i o u s l y  w i th  t h e  20$ s u c r o s e  s o l u t i o n  
i n  0 .0 5  M T r i s -H C l  b u f f e r .  The w a l l s  o f  th e  o t h e r  cham ber w ere 
d r i e d  w i th  a  c o t t o n  swab and th e n  2 ml o f  5$ (w e ig h t /v o lu m e ) 
s u c r o s e  i n  0 .0 5  M T r is -H C l  b u f f e r ,  pH 7*0 , w e r e . ' i n t r o d u c e d . The 
s t i r r e r  was s t a r t e d ,  th e  s to p c o c k  c o n n e c t in g  t h e  cham bers opened , 
and th e  c o n t e n t s  o f  th e  two cham bers a l lo w e d  t o  f low  i n t o  a  c e l l u l o s e  
n i t r a t e  c e n t r i f u g e  tu b e ,  1 /2 "  d ia m e te r  x 2 " .  T h ree  g r a d i e n t s  were 
p r e p a r e d  in  t h i s  m anner. These g r a d i e n t s  w ere  a l lo w e d  to  e q u i l i b r a t e  
f o r  4 h o u rs  a t  5°C b e f o r e  100 p , l i t e r s  o f  sam ple  w ere  l a y e r e d  on to  
one g r a d i e n t .  As a  m a rk e r ,  a  s m a l l  amount o f  c r y s t a l l i n e  b e e f  l i v e r  
c a t a l a s e  (Mann R e s e a rc h  L a b o r a t o r i e s )  was d i s s o l v e d  in  t h e  re m a in in g  
enzyme sam ple and  100 p.1 i t e r s  o f  t h i s  s o l u t i o n  was l a y e r e d  on each  
o f  th e  two r e m a in in g  s u c r o s e  g r a d i e n t s .  The t h r e e  sam p les  were 
c e n t r i f u g e d  i n  a  sw in g in g  b u c k e t  r o t o r  SW- 3 9  i n  a Sp inco  model L-2 
p r e p a r a t i v e  u l t r a c e n t r i f u g e  f o r  12 h o u rs  ;a t  35)000 r . p . m .  The 
c e n t r i f u g e  chamber and r o t o r  w ere p r e - c o o l e d  t o  5°C an<l h e l d  a t  t h i s  
t e m p e ra tu r e  th r o u g h o u t .  A f t e r  c e n t r i f u g a t i o n ,  t h e  sam p les  were 
c o l l e c t e d  from  a  h o le  punched i n  t h e  b o tto m  o f  t h e  c e n t r i f u g e  tube  
a c c o r d in g  to  th e  d e s c r i p t i o n  o f  M a r t in  and Ames ( 5 0 ) .
The odd-num bered f r a c t i o n s  w ere  a s s a y e d  f o r  c a t a l a s e  a c t i v i t y  
by o b s e r v in g  ;the  d e c r e a s e  i n  a b s o rb a n c y  a t  2400 S o f  a  p e r o x id e  
s o l u t i o n  a s  o u t l i n e d  in: th e  W o r th in g to n  c a t a l o g u e  (3 5 ) -
The even-num bered  sam ples  c o l l e c t e d  from  t h e  g r a d i e n t s  
c o n t a i n i n g  c a t a l a s e  w ere a s s a y e d  f o r  a r y l s u l f a t a s e  a c t i v i t y  by in c u ­
b a t i n g  th e  e n t i r e  sam ple f o r  8 h o u r s  a t  37°C w i th  3 ml o f  0 .0 0 1
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M p - n i t r o p h e n y l s u l f a t e  i n  1 M a c e t a t e  b u f f e r ,  pH 6 . 0 ,  At t h e  end
o f  t h i s  t im e  th e  r e a c t i o n  was s to p p e d  by th e  a d d i t i o n  o f  0 .5  cc
o f  2 N sodium h y d r o x id e .  B ecause  o f  t h e  h ig h  c o n c e n t r a t i o n  o f
p - n i t r o p h e n y l s u l f a t e  i t  was n e c e s s a r y  t o  m easure  t h e  amount o f
o
p - n i t r o p h e n o l  a b s o r p t i o n  a t  4000 A i n  a C ary  model 14 S p e c t ro p h o to m e te r .  
S in c e  t h e  l i g h t  s o u r c e  on th e  C ary  h a s  a  g r e a t e r  i n t e n s i t y  th a n  t h a t  
o f  th e  Beckman”DB, i t  can m easure  d i f f e r e n c e s  b e tw een  more c o n c e n t r a t e d  
s o l u t i o n s  o
One o f  t h e  g r a d i e n t s  c o n t a i n i n g  c a t a l a s e  r e s u l t e d  i n  38 
f r a c t i o n s ,  th e  o t h e r  r e s u l t e d  i n  36. I n  b o th  g r a d i e n t s  t h e  p eak  o f  
c a t a l a s e  a c t i v i t y  ap p e a re d  i n  f r a c t i o n  15. I n  t h e  g r a d i e n t  s u p p ly in g  
38 sam p les  th e  p e a k  o f  a r y l s u l f a t a s e  a c t i v i t y  was i n  f r a c t i o n  24 
w h i le  t h e  g r a d i e n t  s u p p ly in g  36 sam ples  showed a maximum i n  a r y l s u l f a t a s e  
a c t i v i t y  i n  sam ple  26.
From th e  e q u a t io n s  d e v e lo p e d  by M a r t in  and Ames (50) S2Q w 
v a l u e s  o f  6 .8  and 5 .4  w ere o b t a in e d  f o r  a r y l s u l f a t a s e .  These  
v a l u e s  c o r r e s p o n d  t o  m o le c u la r  w e ig h t  o f  117 ,000  and 8 3 ,0 0 0  
r e s p e c t i v e l y  when th e  a s su m p tio n s  t h a t  a r y l s u l f a t a s e  h as  a  s p h e r i c a l  
shape  and a p a r t i a l  s p e c i f i c  volume o f  0 .7 2 5  ml p e r  g a r e  made (5 0 ) .
R e a c t io n  C h a r a c t e r i s t i c s : The f i r s t  s t e p  i n  t e s t i n g  th e
h y p o t h e s i s  p r e s e n t e d  on page  12 i s  t o  d e m o n s t r a te  t h e  i n i t i a l  r a p i d  
f o r m a t io n  o f  p - n i t r o p h e n o l ,  s i n c e  th e  i n i t i a l  r a p i d  f o r m a t io n  o f  
p - n i t r o p h e n o l  w h ich  seems t o  be i n d i c a t e d  i n  t h e  l i t e r a t u r e  (47) may 
be due t o  th e  p r o d u c t i o n  o f  t h e  p - n i t r o p h e n o l  l e a v i n g  an enzyme 
s u l f a t e .  We s h a l l  f i r s t  a s c e r t a i n  t h a t  such  a r a p i d  i n t i a l  r e a c t i o n  
o c c u r s .  Then we s h a l l  d e te rm in e  th e  e f f e c t  o f  enzyme c o n c e n t r a t i o n  
and s u b s t r a t e  c o n c e n t r a t i o n  on t h i s  a c t i v i t y .
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Enzyme A ssay  System  f o r  K i n e t i c  D ata
A l l  enzyme a s s a y s  w ere  i n i t i a t e d  by ad d in g  0 ,5  ml o f
t h e  i n d i c a t e d  c o n c e n t r a t i o n  o f  C la r a s e  300 i n  1 M
a c e t a t e  b u f f e r ,  pH 6 . 0 ,  to  4 .5  ml o f  p - n i t r o p h e n y l -
s u l f a t e  o f  v a r y in g  c o n c e n t r a t i o n s  p lu s  s p e c i f i e d  added
n u c l e o p h i l e  ( i f  a n y )  i n  1 M a c e t a t e  b u f f e r ,  pH 6 .0 ,
and i n c u b a t i n g  a t^ 3 6 °C .  A f t e r  th e  d e s i r e d  i n c u b a t i o n
p e r i o d ,  t h e  r e a c t i o n  was s to p p e d  by th e  a d d i t i o n  o f
0 .5  ml o f  2 N sod ium  h y d ro x id e .  The a b so rb a n c y  th u s
o
d e v e lo p e d  was r e a d  a t  4000 A i n  a  Beckman*DB S p e c t ro ­
p h o to m e te r  a g a i n s t  a  b la n k  c o n t a i n i n g  a l l  t h e  
i n g r e d i e n t s  o f  t h e  r e a c t i o n  m ix tu re  b u t  w i t h  th e  
enzyme b e in g  added a f t e r  th e  sod ium  h y d ro x id e .  These 
r e a d i n g s  d id  n o t  ch an g e  f o r  s e v e r a l  h o u r s .
T h a t  a  r a p i d  i n i t i a l  p r o d u c t i o n  o f  p - n i t r o p h e n o l  does  o c c u r  
i s  shown by t h e  d a t a  r e p r e s e n t i n g  th e  h y d r o l y s i s  r e a c t i o n  r a t e  as a 
f u n c t i o n  o f  t im e  (F ig u re  3 ) .  T hese  d a t a  were o b ta in e d  u s in g  a  f i n a l  
s u b s t r a t e  c o n c e n t r a t i o n  o f  3 x 10” ^ M p - n i t r o p h e n y l s u l f a t e  and a 
f i n a l  enzyme c o n c e n t r a t i o n  o f  0.2% (c u rv e  1 ) ,  0.4% (cu rv e  2 ) ,  0.6% 
(c u rv e  3) C l a r a s e .  I n d i v i d u a l  r e a c t i o n s  w ere  s to p p e d  a f t e r  th e  
i n d i c a t e d  i n c u b a t i o n  t im e .  I f  th e  h ig h  c o n c e n t r a t i o n  o f  p - n i t r o ­
p h e n o l  form ed i n i t i a l l y  w e re  c au sed  by a  mole p e r  mole r e a c t i o n  
b e tw ee n  th e  enzyme and t h e  s u b s t r a t e ,  s p l i t t i n g  o u t  t h e  p h en o l  and 
l e a v i n g  an enzyme s u l f a t e ,  t h e  i n i t i a l  a c t i v i t y  s h o u ld  i n c r e a s e  
w i t h  enzyme c o n c e n t r a t i o n  and th e  r e a c t i o n  r a t e  s h o u ld  be p r o p o r t i o n a l  
t o  enzyme c o n c e n t r a t i o n  when th e  i n c u b a t i o n  t im e  i s  long  enough t h a t
Figure 3
EFFECT OF ENZYME CONCENTRATION ON P-NITROPHENOL PRODUCTION 
AS A FUNCTION OF LENGTH OF INCUBATION PERIOD
1 -  0.2% C la r a s e
2 -  0.4% C la r a s e
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th e  i n i t i a l  am ount o f  p - n i t r o p h e n o l  p roduced  i s  i n s i g n i f i c a n t  to  
t h e  t o t a l  am ount p ro d u c e d .  F ig u r e  3 shows t h a t  th e  r e a c t i o n  r a t e  
i s  p r o p o r t i o n a l  t o  th e  c o n c e n t r a t i o n  o f  t h e  enzyme s o l u t i o n  when 
th e  in c u b a t io n  p e r i o d  i s  40 m i n u te s .  A ls o ,  t h e  g r e a t e r  th e  
c o n c e n t r a t i o n  o f  th e  enzyme, th e  g r e a t e r  t h e  i n i t i a l  r e a c t i o n  r a t e .  
A ccu racy  o f  t h e  a b s o l u t e  v a lu e s  shown i s  l i m i t e d  by th e  f a c t  t h a t  
m ix in g  e r r o r s  i n h e r e n t  i n  th e  m ethod make d e t e r m i n a t i o n s  w i th  th e  
s h o r t e r  i n c u b a t i o n  p e r io d s  l e s s  a c c u r a t e ,  and  th e  s e n s i t i v i t y  o f  
t h e  method o f  a s s a y  f o r  p - n i t r o p h e n o l  may r e s u l t  i n  d a t a  i n d i c a t i n g  
l e s s  p - n i t r o p h e n o l  th a n  i s  a c t u a l l y  p r e s e n t  when th e  c o n c e n t r a t i o n  o f  
p - n i t r o p h e n o l  b e in g  m easured  i s  low . The r e l a t i v e  sh ap e  o f  th e  cu rve  
i s  th o u g h t  t o  be v a l i d  b e ca u se  o f  th e  p r e d i c t i v e  v a l u e  found  i n  th e  
d a t a  and a g re e m e n t  w i th  th e  h y p o th e s i z e d  i n i t i a l  r a p i d  r e l e a s e  o f  
p h e n o l .
U sing th e  d a t a  from which F ig u r e  3 was t a k e n ,  th e  e f f e c t  o f  
enzyme c o n c e n t r a t i o n  upon th e  i n t e r c e p t  o f  a  p l o t  show ing t o t a l  
c o n c e n t r a t i o n  o f  p - n i t r o p h e n o l  p ro d u ced  a s  a  f u n c t i o n  o f  t im e  i s  
shown in  F ig u r e  4 a s  th e  s o l i d  l i n e s .  T h is  i n t e r c e p t  s h o u ld  i n c r e a s e  
p r o p o r t i o n a l l y  w i th  enzyme c o n c e n t r a t i o n .  I t  does  i n c r e a s e  b u t  n o t  
p r o p o r t i o n a l l y .  I f  t h e  l i n e  c o n n e c t in g  th e  20 and 40 m in u te  
r e a d i n g s  i n  c u rv e  1 ( r e p r e s e n t i n g  0 .4 $  C l a r a s e )  i s  e x te n d e d  by a 
d a sh ed  l i n e  t o  i n t e r s e c t  th e  a x i s  i t  does  so a t  a  p - n i t r o p h e n o l  
c o n c e n t r a t i o n  o f  0 .0 3 5  txMoles. T h is  i s  r o u g h ly  2 /3  o f  th e  i n t e r c e p t  
o b t a in e d  in  l i n e  2 u s in g  a 0 .6 $  s o l u t i o n  a s  t h e  enzyme. The f a c t  
t h a t  th e  i n t e r c e p t  o f  l i n e  1 o b ta in e d  by e x t r a p o l a t i n g  th e  20 and 
40 m in u te  r e a d i n g s  to  th e  y a x i s  i s  2 /3  o f  th e  i n t e r c e p t  o b ta in e d
Figure 4
EFFECT OF ENZYME CONCENTRATION ON PRODUCT 
FORMATION AS A FUNCTION OF TIME
1 -  0.4% C la r a s e
2 - 0.6% C la r a s e
/(Moles of p- Nitrophenol
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by e x t r a p o l a t i n g  l i n e  2 and t h a t  t h e  c o n c e n t r a t i o n  o f  C l a r a s e  
u s e d  i n  l i n e  1 i s  2 /3  o f  t h a t  u sed  i n  l i n e  2 i s  e v id e n c e  c a s t i n g  
d o u b t upon t h e  v a l i d i t y  o f  t h e  a b s o l u t e  v a lu e s  o b ta in e d  a f t e r  5 
and 10 m in u te  i n c u b a t i o n  p e r io d s  when a 0.4% enzyme s o l u t i o n  was 
u s e d .
I f  th e  i n i t i a l  r a p i d  r e l e a s e  o f  p - n i t r o p h e n o l  i s  a c t u a l l y  
s low ed  as th e  r e s u l t  o f  a s lo w e r  r a t e  d e te r m in in g  s t e p  a f t e r  t h i s  
r a p i d  r e l e a s e  o f  th e  f i r s t  p r o d u c t ,  t h e  i n t e r c e p t  o f  a p l o t  o f  p r o d u c t  
f o r m a t io n  as a  f u n c t i o n  o f  t im e  s h o u ld  n o t  be  a f f e c t e d  by t h e  su b ­
s t r a t e  c o n c e h t r a t i o n  as  lo n g  as t h e  c o n c e n t r a t i o n  o f  s u b s t r a t e  
g r e a t l y  ex c e e d s  th e  enzyme c o n c e n t r a t i o n .  To e s t a b l i s h  t h i s  r e l a t i o n ­
s h i p  0.4% C l a r a s e  was u sed  w i th  4 x 10"^  M, 6 x 10“ ^ M, and 8 x 10“^ M 
p - n i t r o p h e n y l s u l f a t e  c o n c e n t r a t i o n s  f o r  th e  t im e  p e r i o d s  shown in  
F ig u r e  5. The v a l u e s  o b t a in e d  by e x t r a p o l a t i n g  th e  l i n e s  o b ta in e d  
a t  t h e  t h r e e  l e v e l s  t>f s u b s t r a t e  c o n c e n t r a t i o n  to  z e ro  t im e  a r e  n e a r l y  
i d e n t i c a l  i n  c o n fo rm i ty  w i th  th e  p r e d i c t i o n .
I n f o r m a t io n  as t o  t h e  n a t u r e  o f  t h i s  i n i t i a l  r e a c t i o n  r a t e  
may be o b t a i n e d  by d e t e r m in in g  th e  e f f e c t  o f  t im e  on th e  maximum 
v e l o c i t y  and upon  t h e  M ic h a e l i s  c o n s t a n t .  S in c e  t h e  maximum 
v e l o c i t y  i s  a  f u n c t i o n  o f  th e  s lo w e s t  s t e p  i n  th e  r e a c t i o n  s e q u e n c e ,  
i f  t h e  i n i t i a l  r e a c t i o n  v e l o c i t y  o f  p r o d u c t i o n  o f  p - n i t r o p h e n o l  i s  
more r a p i d ,  t h e n  e i t h e r  t h e  enzyme i s  r e a c t i n g  i n  a d i f f e r e n t  manner 
i n i t i a l l y  o r  t h e  s lo w e s t  s t e p  i n  t h e  enzyme r e a c t i o n  i s  in v o lv e d  i n  
t h i s  i n i t i a l  r e a c t i o n  r a t e .  I f  t h e  maximum v e l o c i t y  does  n o t  d i s p l a y  
an i n i t i a l  r a p i d  i n c r e a s e  th e  enzyme must be e x h i b i t i n g  t h e  i n i t i a l  
i n c r e a s e  i n  p - n i t r o p h e n o l  p r o d u c t i o n  w i th o u t  c h an g in g  t h e  o v e r a l l  
r a t e  o f  th e  h y d r o l y s i s  r e a c t i o n .
Figure 5
EFFECT OF SUBSTRATE CONCENTRATION ON RATE OF REACTION 





















The maximum v e l o c i t i e s  a f t e r  v a r y in g  l e n g th s  o f  r e a c t i o n
tim e  may be c a l c u l a t e d  from th e  i n t e r c e p t s  o f  th e  e x t r a p o l a t e d  
L in ew e av e r -B u rk  p l o t s  ( 5 6 ) g iv e n  i n  F ig u r e  6 w here i t  i s  o b v io u s
t h a t  th e  s lo p e  an d  i n t e r c e p t  a r e  f u n c t i o n s  o i; th e  l e n g t h  o f  t h e  
in c u b a t i o n  p e r i o d .  The maximum v e l o c i t y  a t  each  t im e  i n t e r v a l  
was c a l c u l a t e d ,  f ro m  th e  i n t e r c e p t  o f  e a c h  l i n e  i n  F i g u r e  6 and 
p l o t t e d  a s  a  f u n c t i o n  o f  t im e  i n  F ig u r e  J. These d a t a  show no 
i n i t i a l  i n c r e a s e  i n  maximum v e l o c i t i e s  f o r  s h o r t  i n c u b a t i o n  t i m e s .
T h is  i s  c o m p a t ib le  w i th  t h e  v iew  t h a t  th e  r a t e  d e t e r m in i n g  s t e p  o f  
th e  o v e r a l l  r e a c t i o n  o c c u r s  a f t e r  th e  r e l e a s e  o f  th e  p - n i t r o p h e n o l  
from  th e  enzyme s u r f a c e .
The M ic h a e l i s  c o n s t a n t  i s  th e  s t e a d y  s t a t e  c o n s t a n t  in v o lv in g  
a l l  o f  t h e  r a t e s  i n  th e  r e a c t i o n  s e q u en ce  r a t h e r  th a n  j u s t  th e  
s lo w e s t  o n e .  T h is  c o n s t a n t  would  be  l a r g e r  i n i t i a l l y  i f  t h e r e  was 
a  r a p i d  r e a c t i o n  be tw een  t h e  enzyme and  m o le c u le  o f  s u b s t r a t e  i n  
w h ich  t h e  m easu red  p ro d u c t  i s  r e l e a s e d  from  th e  enzyme s u r f a c e  
fo l lo w e d  by a  s lo w e r  s t e p  on t h e  enzyme s u r f a c e  w hich  m ust p ro c e e d  
b e f o r e  a n o t h e r  m o le c u le  o f  s u b s t r a t e  may be a c t e d  u p o n .  T h is  
b e h a v i o r  would b e  m a n i f e s te d  i n  th e  a v e ra g e  s te a d y  s t a t e  r a t e  c o n s t a n t  
o n ly  so long  a s  th e  i n c u b a t i o n  p e r io d  i s  s h o r t  enough f o r  th e  
a b s o l u t e  amount o f  p ro d u c t  r e l e a s e d  i n  t h i s  i n i t i a l  b u r s t  o f  
a c t i v i t y  t o  be s i g n i f i c a n t  t o  t h e  t o t a l  amount o f  p r o d u c t  r e l e a s e d ,  
and  i t s  c o n t r i b u t i o n  would be p r o g r e s s i v e l y  l e s s  s i g n i f i c a n t  a t  
lo n g e r  i n c u b a t i o n  t im e s .  A c co rd in g  t o  t h e  p ro p o sed  mechanism  o f  
r e a c t i o n  th e  i n i t i a l  K i s  t h e  d i s s o c i a t i o n  c o n s t a n t  f o r  th em
r e a c t i o n  E +  S ^  (is (— ) fpJ
k- l
i  F +  P. and w ould  be a  l a r g e r
v a l u e  th a n  th e  s t e a d y  s t a t e  c o n s t a n t .
Figure 6
THE RECIPROCAL OF THE CONCENTRATION OF P-NITROPHENOL 
FORMED AS A FUNCTION OF THE RECIPROCAL OF SUBSTRATE 
CONCENTRATION AFTER VARYING LENGTHS OF REACTION TIME
1 I  m in u te
2 2 m in u te s
3 3 m in u te s
4 4 m in u te s
5 5 m in u te s
6 10 m in u te s
7 20 m in u te s
8 30 m in u te s
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At eac h  t im e  i n t e r v a l  t h e  M ic h a e l i s  c o n s t a n t  was c a l c u l a t e d  
from  th e  s lo p e  and i n t e r c e p t  o f  each  o f  t h e  l i n e s  i n  t h e  L in ew e av e r-  
Burk p l o t  (F ig u r e  6 ) .  T hese  M ic h a e l i s  c o n s t a n t s  a r e  p l o t t e d  a s  a 
f u n c t i o n  o f  t im e  o f  r e a c t i o n  i n  F ig u re  8. The v a r i a t i o n  o f  w i th  
t im e  shows t h a t  t h e  i n i t i a l  s t e a d y  s t a t e  r a t e  o f  p - n i t r o p h e n o l  
f o r m a t io n  i s  more r a p i d  t h a n  t h e  r a t e  o f  p r o d u c t  f o r m a t io n  o b ta in e d  
from  lo n g e r  i n c u b a t i o n  p e r i o d s .
R e a c t io n  W ith  an Added N u c l e o p h i l e : The p o s t u l a t e  t h a t  w a te r
i s  a c t i n g  as  an a t t a c k i n g  n u c l e o p h i l e  i n  s u l f o n a t e  rem oval from  th e  
e n z y m e - s u l fo n a te  complex may be examined by a d d i t i o n  o f  o t h e r  
n u c l e o p h i l i c  s u b s t a n c e s .  I f  added  n u c l e o p h i l e  a c t s  a s  an a c c e p t o r  
o f  t h e  s u l f o n a t e  g ro u p ,  t h e  k i n e t i c s  o f  t h e  r e a c t i o n  s h o u ld  obey  
t h e  k i n e t i c  e q u a t io n  f o r  a r e a c t i o n  w i th  a n  added n u c l e o p h i l e ,  and 
a  new p ro d u c t  (N -hyd roxy lam ine  m o n o s u lfo n a te )  would  be formed a s  a 
p r o d u c t  o f  t h e  r e a c t i o n .
The enzyme a s s a y s  w ere  p e r fo rm e d  by t h e  method g iv e n  on page  28 
m ix in g  v a r y in g  volum es o f  a n o t h e r  n u c l e o p h i l e  (0 .0 1  M h y d ro x y la m in e ,
0 . 2  M m e th a n o l ,  and 0 .1  M h y d r a z i n e )  a t  pH 6 .0  i n  1 M a c e t a t e  b u f f e r  
and  v a r y in g  volum es o f  0 .0 0 2  M p - n i t r o p h e n y l s u l f a t e  and ad d in g  
enough  1 M a c e t a t e  b u f f e r ,  pH 6 . 0 ,  to  b r i n g  t h e  t o t a l  volume to
4 . 5  ml. The enzyme used  was 0 .5  ml o f  a 3% s o l u t i o n  o f  a  30% 
f r a c t i o n  o f  C l a r a s e .
C
- 'Hydroxylam ine h y d r o c h lo r i d e  s o l u t i o n  was p r e p a r e d  by d i s s o l v i n g  
t h e  d e s i r e d  amount i n  a s m a l l  volume o f  1 N a c e t i c  a c i d .  The pH was 
t h e n  b ro u g h t  t o  6 .0  w i th  1 N sod ium  a c e t a t e  and th e  f i n a l  volume 
a d j u s t e d  to  t h e  d e s i r e d  c o n c e n t r a t i o n  w i t h  1 M a c e t a t e  b u f f e r  a t  pH 
6 . 0 .  A l l  s o l u t i o n s  w ere  r e f r i g e r a t e d  (5°C) b e f o r e  u s e ,  H ydroxylam ine 
s o l u t i o n s  w ere  k e p t  on i c e  w h i l e  b e in g  p i p e t t e d .
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The s p e c i f i c i t y  o f  t h i s  r e a c t i o n  i s  e v i d e n t l y  r a t h e r  narrow  
s i n c e  th e  r e a c t i o n  r a t e  was n o t  a f f e c t e d  by 0 .2  M m ethanol o r  0 .1  M 
h y d r a z i n e  a t  pH 6 .0  i n  1 M a c e t a t e  b u f f e r .  H ydroxylam ine h y d r o c h lo r i d e  
a s  t h e  added  n u c l e o p h i l e  d id  a f f e c t  t h e  o v e r a l l  r e a c t i o n  r a t e  f o r  th e  
a c e to n e  f r a c t i o n a t e d  enzyme u n d e r  t h e  a s s a y  c o n d i t i o n s  d e s c r i b e d .
Enzyme a c t i v i t y  was d e c r e a s e d  80% by 2 ml o f  0 .1  M h y d ro x y lam in e .
S in c e  h y d ro x y lam in e  i s  a  much b e t t e r  n u c l e o p h i l e  (10^ t im e s )  
t h a n  m e th an o l  (55) i t  i s  c o n c e iv a b l e  t h a t  i t  m ig h t i n t e r f e r e  as  a 
n u c l e o p h i l e  i n  an  enzyme r e a c t i o n  when m ethano l w ould  n o t .  T h is  
h y p o t h e s i s  does  n o t  e x p l a i n  why h y d r a z in e  does n o t  a c t  as an 
i n h i b i t o r .
I f  h y d ro x y lam in e  i s  r e a c t i n g  as  an  added n u c l e o p h i l e  ( a  r e ­
p la c e m e n t  f o r  w a te r  i n  t h e  h y d r o l y s i s  r e a c t i o n )  th e n  th e  h y d ro x y lam in e  
w ou ld  n o t  c o m p le te ly  i n h i b i t  t h e  r e a c t i o n  r a t e .  The r a t e  o f  th e
r e a c t i o n  w ould  become a s y m p to t i c  t o  a  r a t e  f o r  t h e  r e a c t i o n  w i t h  th e
n u c l e o p h i l e  r a t h e r  th a n  th e  r a t e  o f  th e  r e a c t i o n  w i t h  w a te r .  T h is
6
means t h a t  a  p l o t  o f  1 /v  a g a i n s t  1/N would n o t  be l i n e a r .
I n  o r d e r  to  a s c e r t a i n  th e  n a t u r e  o f  t h e  i n h i b i t i o n  o f  t h e
a r y l s u l f a t a s e  r e a c t i o n  t h e  a c e to n e  f r a c t i o n a t e d  enzyme was a s s a y e d  
f o r  a c t i v i t y  a t  v a r y in g  c o n c e n t r a t i o n s  o f  p - n i t r o p h e n y l s u l f a t e  and 
o f  h y d ro x y la m in e .  F ig u r e  9 shows t h e  e f f e c t  o f  c o n c e n t r a t i o n  o f  
i n h i b i t o r  upon th e  r e a c t i o n  r a t e .  R a th e r  th a n  a  l i n e a r  f u n c t i o n ,  
t h e  e f f e c t  o f  i n c r e a s i n g  i n h i b i t o r  c o n c e n t r a t i o n  does  ap p ro a c h  a 
maximum i n h i b i t i o n .  T hese  d a t a  a r e  v a l i d a t e d  by t h e  f a c t  t h a t
r e p r e s e n t s  t h e  c o n c e n t r a t i o n  o f  added n u c l e o p h i l e .
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F ig u r e  9
EFFECT OF HYDROXYLAMINE CONCENTRATION ON ENZYME 
RATE AT VARIOUS LEVELS OF SUBSTRATE
1 s = 1 .0  X 10"3
2 s = 0 .4 8  x 10-3
3 s = 0 .3 2  x 10~3
4 s = 0 .2 4  x  10~3
5 s = 0 .2 0  x  10‘ 3
F ig u r e  10
LINEWEAVER-BURK PLOT WITH VARYING CONCENTRATION OF HYDROXYLAMINE
1 N = 0
2 N = 10 x 1 0 -3
3 N = 20 x 10“ 3
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F ig u r e  10 shows th e  1 / v  v s .  1 / s  p l o t s  a r e  l i n e a r  f o r  e a c h  i n h i b i t o r  
c o n c e n t r a t i o n .
I f  h y d ro x y la m in e  a c t s  a s  a n  added  n u c l e o p h i l e ,  i t s  p r e s e n c e  
s h o u ld  g r e a t l y  a f f e c t  t h e  maximum v e l o c i t y  o f  th e  h y d r o l y s i s  r e a c t i o n  
s i n c e  t h e  r a t e  d e t e r m in i n g  s t e p  i n  h y d r o l y s i s  w i th  c h y m o try p s in  i s  
th e  r e a c t i o n  o f  t h e  a c y l  enzyme w i th  w a te r  (47).> The and  
c a l c u l a t i o n s  from  d a t a  o f  F ig u r e  10 a r e  shown in  T ab le  I I I .  I t  i s  
i n t e r e s t i n g  to  n o te  t h a t  w h i le  d e c r e a s e s  w i th  i n c r e a s i n g  h y d r o x y l ­
am ine c o n c e n t r a t i o n  t h e  K i n c r e a s e s . The d e c r e a s e  i n  maximumm
v e l o c i t y  w i th  h y d ro x y la m in e  i s  a s  p r e d i c t e d .  The i n c r e a s e  i n  
w i th  i n c r e a s i n g  h y d ro x y la m in e  c o n c e n t r a t i o n  m ust i n d i c a t e  an  
i n c r e a s e  i n  th e  r a t e  o f  d i s s o c i a t i o n  o f  th e  enzyme s u b s t r a t e  complex 
to  a  g r e a t  enough e x t e n t  to  overshadow  th e  d e c r e a s e  i n  t h e : . r a t e  o f  
rem o v a l o f  enzyme s u b s t r a t e  com plex by f o r m a t io n  o f  p r o d u c t s .
I f  t h e  a n a lo g y  be tw een  th e  c h y m o try p s in  sy s tem  and  th e  a r y l -  
s u l f a t a s e  sy s tem  i s  v a l i d ,  th e  a d d i t i o n  o f  h y d ro x y lam in e  t o  t h e  
r e a c t i o n  m ix tu re  s h o u ld  cau se  t h e  f o rm a t io n  o f  a new p r o d u c t  ana logous  
to  t h e  hydroxam ate  form ed in  c h y m o try p s in  r e a c t i o n s .  T h is  compound 
p re su m a b ly  would be  h y d r o x y la m in e s u l f o n a te  and would form  a  c o lo r e d  
com plex  i n  a c i d i c  f e r r i c  c h l o r i d e  s o l u t i o n s .
To t e s t  t h i s  h y p o t h e s i s ,  v a r y in g  vo lum es o f  20$ F eC l^ ^ H g O  in
1 .4  M HC1 were ad d ed  t o  2 ml a l i q u o t s  o f  a  r e a c t i o n  m i c t u r e  c o n t a in in g
2 . 5  ml o f  a c e t o n e - f r a c t i o n a t e d  C la r a s e  d i l u t e d  in  1TM a c e t a t e  b u f f e r ,
pH 6 . 0 ,  u n t i l  t h e  A o f  a  1 /1 0  d i l u t i o n  was 0 .4 8 0 .  A r e d  c o l o r
8280
v i s i b l e  t o  th e  eye  d e v e lo p e d  i n  th e  a l i q u o t  t o  w hich 1' ml o f  th e  
f e r r i c  c h l o r i d e  r e a g e n t  was a d d e d .  The a b s o r p t i o n  s p e c t ru m  o f  t h i s
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TABLE I I I
VARIATION OF MAXIMUM VELOCITY AND MICHAELIS
CONSTANT WITH HYDROXYLAMINE CONCENTRATION
L in e  1/V_ K / V  V~ K ~m m m m m
1~ 0 .9 5  1 ,0 0  1 .0 5  1 .0 5
2 2 .4 2  1 .2 5  0 .4 1  0 .5 1
3 3 .2 5  2 .1 2  0 .3 1  0 .6 5
4 5 .6  4 .2 5  0 .1 8  0 .7 6
s o l u t i o n  was d e te rm in e d  on th e  C ary  Model 14 S p e c t ro p h o to m e te r  u s in g  
a  1 cm c e l l  w i t h  a 0 .5  f i l t e r  i n  t h e  sam ple  com partm en t.  T h is  
s p e c tru m  i s  shown i n  F ig u r e  11 as  t h e  c o n t in u o u s  l i n e  d i s p l a y i n g  t h r e e  
a b s o r p t i o n  p e a k s .  A r e a c t i o n  m ix tu re  was p r e p a r e d  w i th o u t  h y d r o x y l ­
amine and was in c u b a te d  f o r  a p e r i o d  o f  t im e .  The same amount o f  
f e r r i c  c h l o r i d e  r e a g e n t  was added to  a 2 ml a l i q u o t  as  b e f o r e  and 
t h e  s p e c tru m  d e te rm in e d .  The s p e c tru m  i s  shown i n  F ig u r e  11 as th e  
dashed  l i n e  and shows o n ly  one a b s o r p t i o n  p eak ,  p re su m ab ly  f o r  th e  
p - n i t r o p h e n o l - f e r r i c  c h l o r i d e  c o l o r  com plex. I n  th e  p r e s e n c e  o f  
hy d ro x y lam in e  some compound, p e rh a p s  t h e  p r e d i c t e d  h y d ro x y la m in e s u l -  
f o n a t e ,  w hich  form s a c o l o r e d  com plex w i th  f e r r i c  c h l o r i d e  i s  formed 
i n  a d d i t i o n  to  t h e  compounds formed i n  t h e  ab sen ce  o f  h y d ro x y la m in e .
Figure 11
SPECTRA OF REACTION PRODUCTS WITH FERRIC CHLORIDE 
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DISCUSSION
The p r im a ry  p u rp o s e  o f  t h i s  r e s e a r c h  was t o  o b t a i n  d a t a
w h ich  w ould  i n d i c a t e  t h e  se q u e n c e  o f  e v e n t s  i n  t h e  p r o c e s s  o f
h y d r o l y s i s  o f  p - n i t r o p h e n y l s u l f a t e  by t h e  a r y l s u l f a t a s e  o f  C l a r a s e .
I n  o r d e r  to  do t h i s  a p r o c e d u r e  f o r  p u r i f i c a t i o n  o r  a n a l y s i s  must
be d e v e lo p e d  so  t h a t  o n ly  one form  o f  th e  enzyme w ould  be p r e s e n t
i n  t h e  a s s a y .  U sing  one enzyme form  in c re a s e s  th e  r e l i a b i l i t y  o f
t h e  i n t e r p r e t a t i o n  o f  th e  k i n e t i c  d a t a .  By a d a p t in g  th e  method
C h e r a y i l  (19) u se d  i n  s e p a r a t i n g  t h e  t h r e e  isozym es e x i s t i n g  i n
some p r e p a r a t i o n s  o f  A. o r y z a e , o n ly  one peak  o f  a r y l s u l f a t a s e
a c t i v i t y  was found  i n  C l a r a s e  300. I t  i s  c o n c e iv a b le  t h a t  th e
m is s in g  two isozym es w ere  d e s t r o y e d  o r  removed i n  th e  com m ercia l
p r e p a r a t i o n  o f  t h e  C l a r a s e ,  o r  t h a t  u n d e r  t h e  c o n d i t i o n s  i n  w hich  th e
%
A. o ry z a e  was grown o n ly  one isozym e o f  a r y l s u l f a t a s e  d e v e lo p e d .  
C h e r a y i l  has  r e p o r t e d  no r e l a t i o n s h i p  be tw een  th e  s i z e  o f  column 
(h en ce  d u r a t i o n  o f  f r a c t i o n a t i o n )  and amount o f  t h e  v a r i o u s  
i s o z y m e s ,  h en ce  i n a c t i v a t i o n  o f  t h e  isozym es upon th e  column was 
p r o b a b ly  n o t  in v o lv e d .  I n  any e v e n t ,  o n ly  one d e m o n s t ra b le  a r y l ­
s u l f  a t a s e  was p r e s e n t  i n  t h e  C l a r a s e  300 u s e d .  T h is  isozym e had 
a  m o le c u la r  w e ig h t  i n  t h e  ra n g e  o f  8 3 ,0 0 0  to  1 1 7 ,0 0 0 .
R e a c t io n  S e q u e n c e : A ccep tan ce  o f  th e  d a t a  shown i n  F ig u r e
2 th r o u g h  F ig u r e  8 p r o v id e s  e v id e n c e  f o r  t h e  i n i t i a l  r e l e a s e  o f  
p - n i t r o p h e n o l  i n  t h e  h y d r o l y s i s  o f  p - n i t r o p h e n y l s u l f a t e  fo l lo w e d
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by  a l i n e a r  r a t e  o f  h y d r o l y s i s .  Such an  i n t e r p r e t a t i o n  e x p l a i n s  
t h e s e  o b s e r v a t i o n s :  (1 )  t h e  i n t e r c e p t  ( i n i t i a l  r a t e  o f  p - n i t r o -  
p h e n o l  p r o d u c t i o n )  o f  th e  p l o t  o f  t h e  p r o d u c t i o n  o f  p - n i t r o p h e n o l  
a s  a f u n c t i o n  o f  t im e  ( F i g u r e  6) seems t o  be in d e p e n d e n t  o f  
s u b s t r a t e  c o n c e n t r a t i o n ;  ( 2 )  t h e  i n t e r c e p t  o f  t h e  p l o t  o f  t h e  
p r o d u c t i o n  o f  p - n i t r o p h e n o l  a s  a f u n c t i o n  o f  t im e  ( F ig u r e  3) i n c r e a s e s  
a s  th e  c o n c e n t r a t i o n  o f  enzyme i n c r e a s e s ;  (3 )  t h e  maximum v e l o c i t y
i s  a l i n e a r  f u n c t i o n  o f  t im e  (F ig u re  7 ) ;  (4 )  t h e  M ic h a e l i s  c o n s t a n t
d ro p s  from  an  i n i t i a l  h ig h  v a l u e  t o  a r e l a t i v e l y  c o n s t a n t  v a l u e  
a s  a f u n c t i o n  o f  t im e  ( F i g u r e  8 ) ,
I f  t h e  m a g n itu d e  o f  t h e  i n i t i a l  r a p i d  a p p e a r a n c e  o f  p r o d u c t
i s  due t o  a  mole p e r  mole r e a c t i o n  o f  enzyme and s u b s t r a t e  r e s u l t i n g
i n  th e  r a p i d  rem o v a l o f  a m ole  o f  p - n i t r o p h e n o l  f o l lo w e d  by a 
s lo w e r  s t e p ,  and i f  t h e  c o n c e n t r a t i o n  o f  th e  s u b s t r a t e  i n  t h e  
s o l u t i o n  g r e a t l y  ex ceed s  t h e  c o n c e n t r a t i o n  o f  t h e  enzyme, t h e n  t h e  
r a t e  d e t e r m in i n g  f a c t o r  i n  t h i s  i n i t i a l  r e a c t i o n  w ou ld  be t h e  c o n ­
c e n t r a t i o n  o f  t h e  enzyme. The d a t a  show t h a t  t h e  i n i t i a l  a c t i v i t y  
i s  n o t  a f u n c t i o n  o f  s u b s t r a t e  c o n c e n t r a t i o n  w i t h i n  t h e  ran g e  o f  
c o n c e n t r a t i o n s  t e s t e d  and i s  a f u n c t i o n  o f  t h e  enzyme c o n c e n t r a t i o n .
The maximum v e l o c i t y  o f  an enzyme r e a c t i o n  i s  th e  r a t e  a t  
w h ich  th e  enzyme p e r fo rm s  o n e  co m p le te  o p e r a t i o n  upon  a m o le c u le  o f  
s u b s t r a t e .  T h is  v a l u e  i s  d e p e n d e n t  on  t h e  s lo w e s t  s t e p  i n  t h e  r e a c t i o n  
s e q u e n c e .  I f  t h e  maximum v e l o c i t y  i s  u n a f f e c t e d  by  a phenomenon 
th e n  t h e  s l o w e s t  s t e p  i n  t h e  r e a c t i o n  s e q u e n c e  a l s o  i s  u n a f f e c t e d  by 
t h i s  phenomenon. S in c e  t h e r e  i s  no r a p i d  i n i t i a l  maximum v e l o c i t y  
i n  t h i s  s e n s e ,  t h e  a s s u m p t io n  can be made t h a t  i n  t h e  i n i t i a l  r e a c t i o n
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t h e  enzym e i s  b e h a v in g  i n  i t s  u s u a l  m a n n e r  and t h e  i n i t i a l  i n c r e a s e
i n  a p p a r e n t  r e a c t i o n  r a t e  i s  a  m a n i f e s t a t i o n  o f  t h e  n o rm a l  r e a c t i o n
■>
s e q u e n c e .
S in c e  t h e  M i c h a e l i s  c o n s t a n t  i s  a  f u n c t i o n  o f  t h e  r a t e  c o n s t a n t s
in v o l v e d  i n  t h e  i n i t i a l  s t e p s  o f  t h e  r e a c t i o n ,  i t  i s  e x p e c t e d  t h a t
t h i s  c o n s t a n t  s h o u l d  d e c r e a s e  from  an  i n i t i a l l y  h i g h  v a l u e  t o  a
c o n s t a n t  lo w e r  v a l u e ,  s u c h  a s  does  o c c u r  i n  t h e  e x p e r i m e n t a l  d a t a ,
i f  t h e  r e a s o n  f o r  t h e  c h a n g e  from  t h e  i n i t i a l  r a p i d  p r o d u c t i o n  o f
p - n i t r o p h e n o l  i s  a  s u b s e q u e n t  s lo w e r  s t e p  i n  t h e  r e a c t i o n  sch em e .
*
A l l  o f  t h e s e  d a t a  i n d i c a t e  o r  p r o v i d e  e v i d e n c e  o n l y  t h a t  
t h e r e  i s  an  i n i t i a l  p e r i o d  o f  r a p i d  p r o d u c t i o n  o f  p - n i t r o p h e n o l  
f o l l o w e d  by  a  lo w e re d  r a t e  o f  p r o d u c t i o n  b e c a u s e  o f  i n t e r v e n t i o n  o f  
a  s l o w e r  r a t e - d e t e r m i n i n g  s t e p  s u b s e q u e n t  t o  p - n i t r o p h e n o l  r e l e a s e .
T h i s  s t e p  c o u l d  b e  a  r e a r r a n g e m e n t  o f  t h e  enzyme m o l e c u le ,  p r o t o n a t i o n  
o r  d e p r o t o n a t i o n  o f  t h e  enzym e s u r f a c e ,  rem o v a l o f  t h e  s u l f o n a t e  
g ro u p  f ro m  t h e  enzyme s u r f a c e ,  o r  some o t h e r  r e g e n e r a t i o n  s t e p .
H ow ever,  t h i s  i n i t i a l  r a p i d  p r o d u c t i o n  o f  p - n i t r o p h e n o l  was fo u n d  
w i t h  c h y m o t r y p s in ,  and t h e  s lo w e r  r a t e  d e t e r m i n i n g  s t e p  h a s  b e e n
shown t o  be  t h e  rem o v a l  o f  t h e  a c y l  g r o u p  from  t h e  enzyme s u r f a c e  ( 4 0 ) .
18  18 A l s o ,  s i n c e  H2 O s t u d i e s  show  th e  a d d i t i o n  o f  t h e  (HO ) g r o u p  t o  t h e
a c i d  com ponen t i n  b o th  c h y m o t r y p s in  ( 2 9 )  and a r y l s u l f a t a s e  c a t a l y z e d
h y d r o l y s e s ,  i t  i s  l o g i c a l  t o  assum e t h a t  t h e  r a t e  d e t e r m i n i n g  s t e p
h e r e  i s  t h e  s lo w  rem o v a l o f  t h e  s u l f o n a t e  g ro u p  f ro m  t h e  enzym e s u r f a c e
a s  a  r e s u l t  o f  n u c l e o p h i l i c  a t t a c k  by  w a t e r .  T h i s  m echan ism  i s
d iag ram m ed  i n  F i g u r e  1.
R e a c t i o n  o f  an Added N u c l e o p h i l e ; Such a n  a s s u m p t io n  w ou ld
p r e d i c t  t h a t  i f  h y d r o x y la m in e  as  ad d ed  n u c l e o p h i l e  w e re  r e a c t i n g  i n
l i e u  o f  w a te r  i n  t h e  a r y l s u l f a t a s e  r e a c t i o n ,  a  new p r o d u c t  s h o u ld
a p p e a r  i n  th e  r e a c t i o n  m i x t u r e .  Some h y d ro x y la m in e  m o n o su lfo n a te  
H
(HO-N-SO^-H) s h o u ld  be form ed a s  a  r e s u l t  o f  t h e  s u b s t i t u t i o n  o f  
h y d ro x y lam in e  f o r  th e  w a te r  i n  th e  s u l f u r i c  a c i d  fo rm a t io n  i n d i c a t e d  
in  F ig u r e  1. S in c e  c a r b o x y l i c  a c i d  h y d ro x am a te s  form c o lo re d  
com plexes  w i th  f e r r i c  c h l o r i d e ,  i t  seemed r e a s o n a b l e  t h a t  t h i s  compound 
a l s o  m ig h t  form s u c h  a  com plex . S p e c t r a  o b ta in e d  and shown i n  F ig u re  
11 d e m o n s t r a te d  t h e  p r e s e n c e  o f  a compound in  th e  r e a c t i o n  m ix tu r e  
c o n t a i n i n g  h y d ro x y lam in e  w h ich  forms a  c o lo r e d  com plex w i th  f e r r i c  
c h l o r i d e  and th e  a b se n c e  o f  such  a  compound when th e  r e a c t i o n  i s  run  
w i th o u t  h y d ro x y la m in e .  The i d e n t i t y  o f  t h i s  compound h as  n o t  been  
e s t a b l i s h e d .
I t  would be h i g h l y  d e s i r a b l e  t o  s y n t h e s i z e  h y d ro x y lam in e  
s u l f o n a t e  and d e te rm in e  i t s  co m plex ing  a b i l i t i e s ,  i n  o r d e r  to  compare 
th e  s p e c t r a  o f  a  known f e r r i c  c h lo r id e - h y d r o x y la m in e  s u l f o n a t e  complex 
w i th  t h e  sp e c tru m  shown i n  F ig u r e  11 . Such a  p ro c e d u re  i s  n o t  
f e a s i b l e  beca u se  o f  c o n t r o v e r s y  o v e r  th e  s t a t u s  o f  hyd ro x y lam in e  
s u l f o n a t e  s y n t h e s i s  a t  t h i s  t i m e .  T h is  ty p e  o f  compound h a s  b een  
p r e p a r e d  by b u b b l i n g  s u l f u r  d io x i d e  i n t o  a  c o o le d  s o l u t i o n  o f  sodium  
c a r b o n a t e  and sod ium  n i t r i t e  (5*0* The p r o d u c t  o f  t h e : r e a f c t io n  i s  
h y d ro x y lam in e  d i s u l f o n a t e .  The s o l u t i o n  upon h e a t i n g  w i l l  fo rm  
h y d ro x y lam in e  m o n o s u lfo n a te  b u t  upon s t a n d i n g  i t  a l s o  forms d ih y d ro x y 1- 
am ine s u l f o n a t e . A no ther  m ethod o f  p r e p a r a t i o n  in v o lv e s  th e  r e a c t i o n  
o f  c h l o r o s u l f o n i c  a c i d  w i t h  h y d ro x y la m in e .  T h is  p ro c e d u re  h a s  been  
u sed  f r e q u e n t l y  a s  a  method o f  f o rm a t io n  o f  h y d ro x y lam in e  s u l f o n a t e  
b u t  r e c e n t l y  i n d i c a t i o n s  a r e  t h a t  t h e  compound formed by t h i s  method
i s  h y d r o x y la m in e - O - s u l f o n a te .  The hyd ro g en  r e p l a c e d  i s  t h a t  o f  1 
t h e  h y d ro x y l  g ro u p  r a t h e r  th a n  th e  amino g ro u p .  T h e re  i s  even  one 
r e p o r t  i n  th e  l i t e r a t u r e  t h a t  th e  N - s u l f o n a t e  and O - s u l f o n a t e  m igh t 
be  forms o f  th e  same compound (5 2 ) .  Such a p o s s i b i l i t y  would seem 
t o  be r a t h e r  u n l i k e l y  b e c a u se  o f  th e  g eom etry  o f  t h e  two compounds. 
The h y d ro x y l  g ro u p  i s  so  f a r  removed from  th e  s u l f u r  t h a t  a g r a d u a l  
bond swapping w ou ld  be  a  r a t h e r  h ig h  e n e rg y  r e a c t i o n .  I n  any c a s e ,  
i t  would be v e r y  d i f f i c u l t  t o  ap p ro a c h  th e  p ro b lem  w i th  c e r t a i n t y  o f  
u s in g  th e  t h e o r e t i c a l  p r o d u c t  f o r  c o m p ar iso n  p u r p o s e s .
A n o th e r  p o s s i b i l i t y  i s  t o  d e te r m in e  th e  e q u a t i o n  f o r  t h e  
in v o lv e m e n t  o f  h y d ro x y la m in e  i n  th e  h y d r o l y s i s  r e a c t i o n .  A f t e r  th e  
r a t e  e q u a t io n s  f o r  th e  e n t i r e  t h e o r e t i c a l  e n z y m a tic  sy s te m  hav e  been  
d e r i v e d ,  th e  v a r i a t i o n  o f  th e  v e l o c i t y  o f  p - n i t r o p h e n o l  f o r m a t io n  
w i t h  v a r i a t i o n  o f  v a r i o u s  p a ra m e te r s  i n  t h e  r e a c t i o n  can  be com pared 
t o  t h e  c a l c u l a t e d  b e h a v i o r  b a sed  on t h e  t h e o r e t i c a l  mechanism.
k ,  k„
E +  S ■ ' (ES<— >Ff! ■ — a F +
k_ x k_2
k 3H20
^  k -3  ~  E + p 2
V J * L ,  '
k_4 E +
A m a th e m a t ic a l  s t a t e m e n t  o f  t h i s  e q u a t io n  r e s u l t s  from  an a p p l i c a t i o n
o f  th e  method o f  King and Altm an (53) t o  t h i s  s y s te m .  See d e t a i l e d
7
d ev e lo p m en t i n  A ppendix  A. The r e s u l t i n g  e q u a t i o n  i s :
v = y B I? J M  + y B 1 D]§3________________ _ _ _
» A 0  + V0 1 + K ¥ e I  [ n]
U sin g  t h i s  e q u a t i o n ,  th e  shape  o f  t h e  cu rv e  d e s c r i b i n g  th e  e f f e c t  
o f  th e  v a r i a t i o n  o f  one o f  th e  p a r a m e te r s  * was d e te rm in e d  by a r b i t r a r i l y  
s e t t i n g  a l l  o f  th e  c o n s t a n t s  e q u a l  t o  u n i t y  and  a s s i g n i n g  a r b i t r a r y  
v a l u e s  t o  th e  v a r i a b l e s .  The c o n c e n t r a t i o n  o f  w a te r  was t r e a t e d  a s  
a  c o n s t a n t .  By t h i s  p r o c e s s  th e  d a t a  g rap h ed  i n  F ig u r e  12 and 
F ig u re  13 w ere o b ta in e d .
A co m p ar iso n  o f  th e  t h e o r e t i c a l  d a t a  i n  F ig u r e  12 w i th  th e  
a c t u a l  d a t a  in  F ig u re  9 shows s i g n i f i c a n t  s i m i l a r i t i e s .  The 
p r e d i c t e d  r e l a t i o n s h i p  be tw een  1 /v  and 1/N i s  n o n l i n e a r  and a s y m p to t ic  
t o  th e  1 /v  a x i s  t h e o r e t i c a l l y ;  th e  r e l a t i o n s h i p  found i n  F ig u re  9 
i s  n o n l i n e a r  and a p p e a r s  t o  be a s y m p to t i c  w i th  th e  1 /v  a x i s .  This: 
means t h e  r e a c t i o n  can n o t  be  and i s  n o t  c o m p le te ly  i n h i b i t e d  by 
h y d ro x y lam in e  a c t i n g  a s  a  n u c l e o p h i l e  i n  t h e  r e a c t i o n ,  w hereas  a c t i o n
7
A d d i t i o n a l  symbols u s e d  i n  t h i s  e q u a t i o n  have  th e  f o l lo w in g  
m ean in g s :  V = maximum r a t e  o f  th e  r e a c t i o n  r e s u l t i n g  i n  : fo rm a t io n
o f  Q^, V = maximum r a t e  o f  th e  r e a c t i o n  r e s u l t i n g  i n  f o rm a t io n  o f  Q^,
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F ig u r e  12
CALCULATED EFFECT OF HYDROXYLAMINE CONCENTRATION ON ENZYME 
RATE AT VARIOUS LEVELS OF SUBSTRATE
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2 s = 3
3 s = 2
4 s = 1
F ig u r e  13
CALCULATED LINEWEAVER-BURK PLOT WITH VARYING 
CONCENTRATION OF HYDROXYLAMINE
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as  an i n h i b i t o r  r e a c t i n g  on th e  enzyme would u l t i m a t e l y  s to p  th e  
r e a c t i o n .  T h a t  th e  e x p e r im e n ta l  d a t a  i n d i c a t e  th e  same r e l a t i o n ­
s h ip  i s  v e r y  im p o r ta n t  f o r  i t  s t r o n g l y  i n d i c a t e s  t h a t  th e  h y d r o x y l ­
amine i s  t a k i n g  p a r t  i n  t h e  h y d r o l y s i s  r e a c t i o n .
A com parison  o f  t h e  c a l c u l a t e d  d a t a  o f  F ig u r e  13 w i th  t h e  
e x p e r im e n ta l  d a t a  o f  F i g u r e  10 shows s i m i l a r i t i e s  a l s o  i n  t h a t  th e  
r e l a t i o n s h i p  be tw een  1 /v  and  l / s  i s  l i n e a r  i n  a l l  c a s e s  and i n  t h a t  
t h e  l i n e  w i l l  i n t e r s e c t  on th e  l e f t  s i d e  o f  th e  Y a x i s  i n  b o th  c a s e s .  
T hese  d a t a  s t r e n g t h e n  t h e  s u p p o s i t i o n  t h a t  h y d ro x y lam in e  a c t s  as  
an added n u c l e o p h i l e  i n  t h e  h y d r o l y s i s  r e a c t i o n ,  b u t  th e y  a r e  o b t a i n a b l e  
i n  c a s e s  w here  th e  added compound com bines w i th  b o th  t h e  enzyme and 
some enzyme s u b s t r a t e  com plex in  a r e v e r s i b l e  manner r e s u l t i n g  in  
i n h i b i t i o n  o f  t h e  en z y m a tic  a b i l i t y  t o  p e r fo rm  t h e  h y d r o l y s i s  r e a c t i o n .
F u r t h e r  i n f e r e n c e s  ab o u t t h e  mechanism in v o lv e d  h e r e  may 
be o b ta in e d  by t r e a t i n g  t h e  added n u c l e o p h i l e  as an i n h i b i t o r  and 
p l o t t i n g  t h e  r e l a t i o n s h i p  o f  th e  i n v e r s e  o f  th e  f r a c t i o n a l  i n h i b i t i o n  
a g a i n s t  th e  i n v e r s e  o f  i n h i b i t o r  c o n c e n t r a t i o n  ( F ig u r e  1 4 ) .  T h is  
p l o t  i s  o b t a i n e d  w i th  t h e  d a t a  u sed  i n  F ig u r e  9 . The f r a c t i o n a l  
i n h i b i t i o n  i s  one minus t h e  r a t i o  o f  th e  v e l o c i t y  o f  t h e  i n h i b i t e d  
r e a c t i o n  t o  t h e  v e l o c i t y  o f  t h e  u n i n h i b i t e d  r e a c t i o n .  I n  th o s e  c a s e s  
i n  w h ich  th e  i n h i b i t o r  i s  r e a c t i n g  w i th  th e  f r e e  enzyme e i t h e r  
c o m p e t i t i v e l y  o r  n o n c o m p e t i t iv e l y  t h e  r e l a t i o n s h i p  drawn in  F ig u r e  14 
w ould  be l i n e a r .  More im p o r ta n t  i s  th e  f a c t  t h a t  as  th e  s u b s t r a t e  
c o n c e n t r a t i o n  i n c r e a s e s ,  t h e  s lo p e  o f  t h i s  l i n e  would a l s o  i n c r e a s e .
Only i n  th e  c a s e  i n  w hich th e  i n h i b i t o r  i s  r e a c t i n g  w i th  th e  enzyme 
s u b s t r a t e  com plex does t h e  s lo p e  d e c r e a s e  w i th  i n c r e a s i n g  s u b s t r a t e
Figure 14
EFFECT OF RECIPROCAL HYDROXYLAMINE CONCENTRATION 
ON THE RECIPROCAL OF FRACTIONAL INHIBITION 
AT VARIOUS SUBSTRATE'CONCENTRATIONS
1 s = 5 x 10” 3
2 s = 2 .4  x  1 0 "3
3 s = 1 .0  x  10"3
1.0 -t------------------1— ----------1----------------1 -— — I—
t o  4 0  0 0  t o  1 0 0
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c o n c e n t r a t i o n .  T h is  e f f e c t  i s  l o g i c a l  b e c a u s e ,  when t h e  i n h i b i t o r  i s  
com bin ing  w i t h  th e  enzyme s u b s t r a t e  com plex , t h e  more s u b s t r a t e  
p r e s e n t  th e  more enzyme w i l l  be  i n  th e  enzyme s u b s t r a t e  com plex form 
and hence  t h e  g r e a t e r  t h e  p o s s i b i l i t y  o f  r e a c t i o n  w i th  t h e  i n h i b i t o r .
Now, a compound a c t i n g  as  an added n u c l e o p h i l i c  a c c e p t o r  f o r  
t h e  p o r t i o n  o f  t h e  s u b s t r a t e  re m a in in g  on th e  enzyme s u b s t r a t e  complex 
i s  r e a c t i n g  o n ly  w i th  t h e  enzyme s u b s t r a t e  com plex . T h is  w ould  
p r e d i c t  t h a t ,  a l th o u g h  th e  r e l a t i o n s h i p  b e tw een  th e  i n v e r s e  o f  th e  
f r a c t i o n a l  i n h i b i t i o n  and th e  i n v e r s e  o f  t h e  c o n c e n t r a t i o n  o f  th e  
added  n u c l e o p h i l e  w ould  n o t  be  l i n e a r ,  t h e  r a d i u s  o f  t h e  a r c  
c i r c u m s c r ib e d  from  th e  l i n e  o b t a i n e d  a t  g r e a t e r  s u b s t r a t e  c o n c e n t r a t i o n s  
w ou ld  be s m a l l e r  th a n  th e  r a d i u s  o f  th e  a r c  c i r c u m s c r ib e d  from  th e  
l i n e  formed when th e  s u b s t r a t e  c o n c e n t r a t i o n  i s  l e s s .  T h is  r e l a t i o n ­
s h i p  i s  shown t o  e x i s t  e x p e r i m e n t a l l y  i n  F ig u r e  14 and th e  l o g i c a l  
e x p l a n a t i o n  i s  r e i n f o r c e d  by t h e  m a th e m a t ic a l  d e r i v a t i o n  o f  th e  
e q u a t io n  o f  t h e  i n v e r s e  o f  th e  f r a c t i o n a l  i n h i b i t i o n  f o r  t h e  
s y s te m  shown i n  A ppendix  B. T hus , a l l  o f  t h e  d a t a  p r e s e n t e d  s u p p o r t  
t h e  th e o ry  t h a t  h y d ro x y lam in e  i s  a c t i n g  a s  a n u c l e o p h i l e  a c c e p t o r  
o f  a  s u l f o n a t e  group  on th e  enzyme. T h is  i s  p ro b a b ly  an  enzyme- 
m e d ia te d  t r a n s f e r  b e c a u s e  o f  th e  s p e c i f i c i t y  r e q u i r e d  o f  t h e  added 
n u c l e o p h i l e .  S p e c i f i c i t y  i s  i n d i c a t e d  s i n c e  n e i t h e r  m e th an o l n o r  
h y d r a z in e  a f f e c t  t h e  r e a c t i o n  r a t e .  M ethanol may n o t  be  n u c l e o p h i l i c  
enough to  com pete w i th  w a te r  i n  th e  r e a c t i o n .  However, h y d r a z in e  
i s  more n u c l e o p h i l i c  th a n  h y d ro x y lam in e  (55)  and t h e r e f o r e  s h o u ld  
b e t t e r  be a b l e  t o  com pete w i th  w a t e r .  H y d ra z in e  and h y d ro x y lam in e  
a r e  abou t t h e  same s i z e  so s h e e r  b u lk  c a n n o t  be th e  e x p l a n a t i o n .  These
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l a t t e r  f a c t s  s u g g e s t  t h a t  t h e r e  m igh t be som eth ing  s p e c i a l  abou t 
th e  h y d ro x y l  g ro u p  o f  h y d ro x y la m in e  w h ich  would make i t  a v a i l a b l e  
f o r  r e a c t i o n  a t  t h e  a c t i v e  s i t e .
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APPENDIX A
D e r iv a t io n  o f  t h e  P roposed  E q u a t io n  f o r  t h e  R e a c t io n  o f  an 
Added N u c le o p h i le  i n  a  H y d r o ly s i s  R e a c t io n .
I
A d ia g ra m m a tic  d e s c r i p t i o n  o f  t h i s  mechanism  i s  shown 
by th e  method o f  King and A ltm an (53) to  h av e  a  b r id g e d
ES
-3
I f  m i s  t h e  number o f  i n t e r c o n v e r s i o n  s t e p s  and  n  i s  th e  num­
b e r  o f  enzyme fo rm s ,  th e  maximum number o f  te rm s  t h a t  w i l l !  
d e s c r i b e  th e  c o n c e n t r a t i o n  o f  any o f  th e  enzyme form s can  be
d e te rm in e d  by th e  e q u a t io n :   m!_____
(n -1 )  ! (m-n+1) 1
Each k i n e t i c  te rm  c o n t a in s  n - 1  r a t e  e x p r e s s i o n s .  These r a t e  
e x p r e s s i o n s  a r e  d e te rm in e d  by  draw ing  a l l  o f  t h e  p o s s i b l e  
f i g u r e s  c o n n e c t in g  fo u r  s i d e s  o f  th e  d ia g ra m . As a  m a t t e r  o f  
c o n v e n ie n c e  i t  i s  e a s i e r  t o  f i r s t  draw a l l  o f  t h e  p o s i t i o n s  o f  
th e  l i n e  n o t  d e s i r e d  and th e n  f i l l  i n  t h e  l i n e s  d e s i r e d .  T h is  
i s  much s im p le r  b e c a u se  few er  l i n e s  a r e  i n v o l v e d .
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T h ere  a r e  t h r e e  o t h e r  f i g u r e s  w hich  may be  drawn w hich a r e  
f o u r - s i d e d  lo o p s .  T hese  te rm s  w ould  be am biguous and a r e  
n o t  u s e d  i n  th e  a p p l i c a t i o n .
F o r  each  enzyme fo rm  t h e r e  i s  a  te rm  f o r  eac h  unam bi­
guous (n o n - lo o p )  p a t t e r n .  Each te rm  i s  o b t a i n e d  by  fo l lo w ­
in g  a lo n g  th e  p a t h s  by  w hich th e  o t h e r  enzyme form s a r e  co n r  
v e r t e d  i n t o  t h e  form b e in g  c o n s id e r e d  and  m u l t i p l y i n g  t o g e t h e r  
t h e  r a t e  c o n s t a n t s  and  c o n c e n t r a t i o n  f a c t o r s  f o r  t h e  p a th  
f o l l o w e d .  The e q u a t i o n s  we g e t  f o r  t h e  f i v e  enzyme te rm s 
a r e  g iv e n  be lo w .
E«Ck2k . 3k 5k 6 | m 2OH] + k 2k . 5k 3k4 |H20) +  k 2k 5k 6k4 £ h20 h]
+ kgk2k3k4 |52oJ + k_ jkL3kgkg |nH20h| + k ^ k ^ k ^ k ^  ^ o j
+ k_jk,.kgk^ + k ^ jk ^ k g  + k_2k_ik_3k6 f ]
+ k-5k-2k-lk4[?] + k-2k-lk4k6 0  + k-5k-3k-2k-l[P]
ES«Ck_6k_5k  3k_2[ p ] [ QJ  +  k . 4k _3k _2k _5 [p ]  [ Q j  + k4k -6k -5k - 2 [ P] M
+k6k-4k-3k-2[P] M  + + k-5k3k4kl[S] [H2°]
+ k5k6k4klB K ° * l + k3k4k6klH  M  + k-3k-2k6kl[S][P]
+ k-5k-2k4kl + k6k4klk-2 [S] LPJ + k-5k-3k-2klH [ P]
FoCk-6 k -5 k -3 k 2 *  k 2k -4 k -3 k -s C Qi] +  k4k -6 k -5k 2 [Q2^
+  k6k -4 k -3 k 2 [ ? l ]  +  k - l k -6 k -5 k -3  ^ 2]  +  k - l k -4 k -3 k -5 [Ql]
+ k-ik4k-6k-5 [?2] + k6k-lk-4k-30 ]̂ + k6klk2k-3[S] 
+ k4 k i_k 2k .5  0  + k6klk2k4 00 + k-5k-3klk2[S]
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E^lOCk2k3k-6k-5 [5?] 0*2 §  + k2lc-5k3k—4
+ k2k5k6k-4 I?J §H2O0 + k6k_4k2k3 1 ^  g j
+ k- lk-6k-5k3 0*2̂ 1 feO + k-lk-4k-5k3 ̂ 2°l (Pi]
+ k5k6k-lk-4 IPD + k3k-lk6k-4 02^1 (50
+ + k_5k. 2k- i k- 4 [ ^  H
+ k6k-2k-lk-4 [QJ C P] + k-5klk2k3 [H2?| CSJ 
E<^OCk_6k2k_3k5 (s HjOh) [qJ  + k2k.4k.3ks [nh2oh] [qQ
+ k4k.6k2k5 [nH2Oh] y  + k2k3k4k.60Jj [H20]
+ k-lk-6k-3k5 [NH2OH]  & J  + k ^ k ^ k . j k j ^ O H l  [qj 
+ k-lk4k-6k5 [^ 2°^ + k-lk3k4k-6 (?2-l
+ k- 3k-2k- l k-6 C’a l t l + k4klk2k5 ^“2°^  GO
+ k-2k-lk4k-6 & J L P} + klk2k.3k5[S] M
The total enzyme concentration Is proportional to the sum of 
the five enzyme terms and, therefore, the sum of the above 
five kinetic expressions.
In order to put the above information in a more usable 
form, the terms for each of the variables were collected and 
defined as the coefficient of the variable. The results of 
this procedure are shown below.
coef (S) * + k4k_5 + kgk4 + h_3k_5)
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c o e f  ( S :NH„OH) = k , k c (k  _k, + k-.k, + k ,k ,  +  k„,k „)1  1 5 - 3 6  6 4 2 4 2 -J
c o e f  (S:H_0) = k - k „ ( k  ck , + k £k , + k„k£ +  k „k  c)2 1 3 - 5 4  6 4  2 6  2 -5
c o e f  (S ;P )  = k k (k  k  + k k +  k k + k  k ) 
1 - 2 - 3  6 - 5 4 6 4 - 5 - 3
c o e f  (1^0) = k 3k4 (k2k_3 + k _ jk _ 3 +  k . j k g  +  kgk2) 
c o e f  (Q2 :H20)=  k 3k_6 (k 2k_5 + k_ ^ k _ 5 + k2k^  +  k _ ik4  ̂
c o e f  (Q :H20) = k3k _ ^ (k 2k_5 + k gk 2 + k ^k 5 + k jkg )
c o e f  (NH20H) = k^kg(k2k _ 2  + k2 k 4  + k- l k - 3  + k- i k4 ^
c o e f  (NH2OH:Q2 ) = k^k_&(k2k_3 + k 2k^ + k ^ k ^  + k ^ k ^ )
c o e f  (NH20H:Q^) = k ^ k _ ^ (k 2k _ 3 + k_^k_3 +  kj,kg + k^k_^>
c o e f  (P.'Q^) = k_2k _ ^ (k _ 3k_5 + k ^k_3 + k_^k_5 + k&k_^) 
c o e f  ( P iQ p  = k_fik _ 2 (k  3k_5 + k4 k_5 + k _ 1k _ 3 + k  ^ )
c o e f  (P) = k  j k  2 ^k - 3k 6 + k -5 k4 +  k4k6 +  k -3 k -5^ 
c o e f  (Qj) = k_3k_4 (k2k_3 + k ^ k 2 +  k ^ k ^  -I- k ^ k ^ )
c o e f  (Q2) = k_gk_3 (k _ 3k 2 + k ^ k 2 +  k_^k_3 +  k j k ^ )
We may a l s o  d e f i n e  th e  f o l l o w in g  c o n v e n ie n t  te rm s ,  
c o e f  a = k ^ k 2k gkg(k_3 + k ^ jE ^
c o e f  0 = k 1k2k 3k4 (k_5 + k6>Efc
V = maximum v e l o c i t y  o f  th e  fo rm a t io n  o f  th e  h y d ro x -  
y la m in e  p r o d u c t
Va  = k i k 2k 5k 6 (k -3 + k4 )E t  7 ° ° e f  ( S:NH2° H)
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or V = coef a  / coef (S:NH_OH) 
Of z
maximum velocity of the formation of the acid product 
Vp = kxk2k3k4(k-5 + k6)Et / coef (S:H20) 
or V„ = coef p / coef (S:H20)
P
1 2 T 4 ' - 5
K = coef (NH,OH) / coef (S:NH90H)^ fa
K = coef (H-0) / coef (S:H„0) 
s 2
Kjj = coef (S); / coef (S:H20)
I = coef a / coef P
Under steady state conditions the rate of the reaction 
is equal to the rate of any step in the reaction. By arbi­
trarily choosing the rate of formation 6f enzyme form F from 
enzyme form ES. the expression for the velocity of the reac­
tion is
By substituting the kinetic expressions for the concentration
of the equation by total enzyme concentration the following 
expression is obtained.
of each of these two enzyme forms and by dividing both sides
k l k2k 3k4 (k -5  + k 6> -
coef (S:H20) 0 0  [“2°] + coef (S:P)[s[][p3 +
k-2k-6k-5(k-lk-3+ k- l V  f e O H " _______
coef 0^0) + coef (NH20H) [nH20h] +
c o e f  (Q2 :NH20H) [qJ  |m 2Oh) +
c o e f  (Q^NI^OH) (q J  (nH20H] +
c o e f  (P:Q ^) JpJ  [Q J  + c o e f  (P:Q2) [p]  w  -
c o e f  ( P ) [ p ]  + c o e f  (Q1) [qJ  + c o e f  (Q2> [q2]  +
c o e f  (Q2 :H20 ) [h2<5) + c o e f  (Qi : H20) ( q J  [h2o)
C o n s id e r in g  a l l  o f  th e  p r o d u c t s  o f  th e  r e a c t i o n  a s  b e in g  
p r e s e n t  i n  n e g l i g i b l e  am ounts ,  a l l  o f  th e  P and Q te rm s may 
be  i g n o r e d .  A ls o ,  by  s u b s t i t u t i o n  o f  th e  c o e f f i c i e n t  d e f i n i ­
t i o n s  f o r  th e  r e s t  o f  th e  r a t e  c o n s t a n t s  th e  f o l lo w in g  e x ­
p r e s s i o n  i s  o b t a i n e d .
_ c o e f  ^ [ s ^ ^ o ]  + c o e f  [nH20h]
c o e f  (S) [ s ]  + c o e f  (S :NH2OH) Q f] |nH20h) +
c o e t  (S:H20 ) [ s ] [ h2 o | + c o e f  (H20) [fl2^  +
c o e f  (NH2 OH) (NH2OH|
The n u m e ra to r  and th e  d en o m in a to r  a r e  th e n  m u l t i p l i e d
by  th e  f a c t o r  c o e f  ot_______________  to  p u t  th e  eq u a -
c o e f  (S:NH2OH) c o e f  (S:H20)
t i o n  i n  such a form  t h a t  th e  c o e f f i c i e n t  te rm s  may be  r e p l a c e d  
by th e  k i n e t i c  c o n s t a n t s .  Where h e l p f u l ,  a te rm  i s  m u l t i p l i e d  
by th e  f a c t o r  c o e f  & /  c o e f  £•
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T h is  r e s u l t s  i n  th e  f o l l o w in g  e q u a t io n .
c o e f  Qf c o e f  j3
v =
c o e f  (S:H20) c o e f  (S:NH20H)
c o e f  O' c o e f  (S)
c o e f  (S:H20) c o e f  (S:NH20H)
c o e f  a c o e f  o:
c o e f  (S:H20) c o e f  (S:NH20H)
c o e f  0/ c o e f  (S:NH2OH)
[ s] [ h20]
j »
[ s ]  [nh2oh|
c o e f  (S:NH2OH)
c o e f  
c o e f  3
c o e f  
c o e f  (S:H20)
c o e f  (S:H20)
C O M  +' c o e f  (S:NH20H)
c o e f c o e f  (H) [ H ]  +c o e f  (S r l^O ) c o e f  (S:NH20H)
c o e f  ct c o e f  (NHL OH) c o e f  6
[ s] | » 2oh)-
c ° e f  (S:NH2OH) c o e f  ( s ^ O H )  ' coe£ 6
By s u b s t i t u t i o n  o f  th e  d e f i n i t i o n s  o f  t h e  k i n e t i c  c o n s t a n t s  
g iv e n  on page  70 , th e  f o l l o w i n g ,  more u s a b le  e q u a t io n  i s  
o b t a in e d .
ve  v«  D I M  +  vg v»  i H K ch] _______________
¥ «  P 3 +Vp i P3Ph2oh:  + va Cs]E 22l 0^5] +
V
K V0 I  
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To ch ec k  th e  v a l i d i t y  o f  t h i s  e q u a t io n  when th e  con ­
c e n t r a t i o n  o f  added n u c l e o p h i l e  | nH20h ]  e q u a l s  z e r o ,  = 1 
and  a l l  te rm s  c o n t a i n i n g  I  d rop  o u t .  T h is  r e s u l t s  i n  th e  
e q u a t io n  f o r  th e  u n i n h i b i t e d  r e a c t i o n :
V3v = ------




D e r i v a t i o n  and D ata  R e l a t e d  to  th e  E x p re s s io n  R e p r e s e n t in g  
th e  I n v e r s e  o f  t h e  F r a c t i o n a l  I n h i b i t i o n  a s  th e  R e s u l t  o f  
th e  P re s e n c e  o f  an Added N u c le o p h i l e .
The v e l o c i t y  o f  th e  u n i n h i b i t e d  r e a c t i o n  i s
ve oo i y
V '  Kn t S]  +  DO (H jg  + K ,2 p ]
The v e l o c i t y  o f  th e  i n h i b i t e d  r e a c t i o n  i s
v b ^  H M  +  vis y
v "  \  kh [ s3 + ve + va  [ s ] p 2g +
Assuming a l l  c o n s t a n t s  e q u a l  t o  u n i t y  and  t r e a t i n g  th e  co n ­
c e n t r a t i o n  o f  w a te r  a s  a  c o n s t a n t ,  an i n d i c a t i o n  o f  th e  s lo p e  
o f  t h e  cu rv e  d e s c r ib e d  by th e  v a r i a t i o n  o f  th e  i n v e r s e  o f  
th e  f r a c t i o n a l  i n h i b i t i o n  w i th  th e  i n v e r s e  o f  th e  c o n c e n t r a t i o n  
o f  th e  added  n u c l e o p h i l e  a t  v a r i o u s  s u b s t r a t e  c o n c e n t r a t i o n s  
may be  i n d i c a t e d  by s u b s t i t u t i n g  i n  a r b i t r a r y  v a l u e s  f o r  th e
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c o n c e n t r a t i o n  o f  s u b s t r a t e  and  n u c l e o p h i l e .  I f  s = 1 and 
N = 1 * th e n  th e  t h e o r e t i c a l  -------------   = - 5 .  I f  s  = 2
i - i -v
and N = 1 , th e  t h e o r e t i c a l  1 = - 4 .  T h e r e f o r e ,  when
v
s i s  g r e a t e r ,  --------------  i s  l e s s .  T h is  i n d i c a t e s  t h a t  th e
1 - iv
m a jo r  a c t i o n  o f  t h e  added  n u c l e o p h i l e  i s  upon some enzyme 
s u b s t r a t e  com plex . ^
Now when s * 1 and  N ** 2 ,  th e  t h e o r e t i c a l  --------“—  ** -2^-
1 -  — —v
3
and when s = 2 and N = 2, th e  t h e o r e t i c a l  1 = -2-yj-.
^ v
The change  be tw een  -----------------  when N = 1 and when N = 2 i s
v
g r e a t e r  when s == 1 th a n  i t  i s  when s = 2 .  T h is  means t h a t  
when s i s  g r e a t e r ,  t h e  s lo p e  o f  th e  c u rv e  i s  l e s s .  T h is  i s  
i n  a g re e m e n t  w i th  t h e  d a t a  shown i n  F i g u r e  14.
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